lham G. SULLIVAN

18

W

WICKS

M

patr.

El

IC

-

“ \‘\.v\\\l‘

= .\_u\huM,M, w

Sixteenth Edition




Abbreviations and Notation Summary

CHAPTER 4

APR
EOY

f

annual percentage rate (nominal interest)
end of year

a geometric change from one time period to the next in cash flows
or equivalent values

effective interest rate per interest period

nominal interest rate per period (usually a year)

CHAPTER 5

AW(i%)

CR(i%)
CW(i%)
FW(i%)

EUAC(i%)
IRR
MARR

N

PW(i%)

equivalent uniform annual worth, computed at i% interest, of one
or more cash flows

equivalent annual cost of capital recovery, computed at i% interest
capitalized worth (a present equivalent), computed at i% interest

future equivalent worth, calculated at i% interest, of one or more
cash flows

equivalent uniform annual cost, calculated at i% interest
internal rate of return, also designated i%

minimum attractive rate of return

length of the study period (usually years)

present equivalent worth, computed at i% interest, of one or more
cash flows

CHAPTER 6

A(B — A)

incremental net cash flow (difference) calculated from the cash flow
of Alternative B minus the cash flow of Alternative A (read: delta B
minus A)



CHAPTER 7

ATCF after-tax cash flow

BTCF before-tax cash flow

EVA economic value added

MACRS modified accelerated cost recovery system
NOPAT net operating profit after taxes

WACC tax-adjusted weighted average cost of capital

CHAPTER 8

A% actual (current) dollars
f general inflation rate
R$ real (constant) dollars

CHAPTER 9

EUAC equivalent uniform annual cost

TCy total (marginal) cost for year k

CHAPTER 12

E(X) mean of a random variable

f(x) probability density function of a continuous random variable
p(x) probability mass function of a discrete random variable
SD(X) standard deviation of a random variable

V(X) variance of a random variable

CHAPTER 13

CAPM capital asset pricing model
Rr risk-free rate of return
SML security market line

Xj binary decision variable in capital allocation problems
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PREFACE

We live in a sea of economic decisions.

—Anonymous

About Engineering Economy

A succinct job description for an engineer consists of two words: problem solver.
Broadly speaking, engineers use knowledge to find new ways of doing things
economically. Engineering design solutions do not exist in a vacuum but within the
context of a business opportunity. Given that every problem has multiple solutions,
the issue is, How does one rationally select the design with the most favorable
economic result? The answer to this question can also be put forth in two words:
engineering economy. Engineering economy provides a systematic framework for
evaluating the economic aspects of competing design solutions. Just as engineers
model the stress on a support column, or the thermodynamic response of a steam
turbine, they must also model the economic impact of their recommendations.

Engineering economy—what is it, and why is it important? The initial reaction
of many engineering students to these questions is, “Money matters will be handled
by someone else. They are not something I need to worry about.” In reality, any
engineering project must be not only physically realizable but also economically
affordable.

Understanding and applying economic principles to engineering have never
been more important. Engineering is more than a problem-solving activity focusing
on the development of products, systems, and processes to satisfy a need
or demand. Beyond function and performance, solutions must also be viable
economically. Design decisions affect limited resources such as time, material,
labor, capital, and natural resources, not only initially (during conceptual design)
but also through the remaining phases of the life cycle (e.g., detailed design,
manufacture and distribution, service, retirement and disposal). A great solution
can die a certain death if it is not profitable.

MyEngineeringlLab”

e MyEngineeringl.ab is now available with Engineering Economy, 16/e and pro-
vides a powerful homework and test manager which lets instructors create,
import, and manage online homework assignments, quizzes, and tests that are
automatically graded. You can choose from a wide range of assignment options,

Xi
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including time limits, proctoring, and maximum number of attempts allowed.
The bottom line: MyEngineeringLab means less time grading and more time
teaching.

What's New to

Algorithmic-generated homework assignments, quizzes, and tests that
directly correlate to the textbook.

Automatic grading that tracks students’ results.

Assignable Spreadsheet Exercises that students can complete in an Excel-
simulated environment.

Interactive “Help Me Solve This” tutorials provide opportunity for point-of-
use help and more practice.

Learning Objectives mapped to ABET outcomes provide comprehensive
reporting tools. If adopted, access to MyEngineeringLab can be bundled with
the book or purchased separately.

This Edition?

The basic intent behind this revision of the text is to integrate computer technology
and realistic examples to facilitate learning engineering economy. Here are the
highlights of changes to the sixteenth edition:

There are more integrated videos keyed to material in the text and designed to
reinforce learning through analogy with marked problems and examples.

Many new spreadsheet models have been added to the sixteenth edition
(several contributed by James A. Alloway).

This edition contains over 900 examples, solved problems and end-of-chapter
problems. These include 70 “Try Your Skills” problems in selected chapters,
with full solutions given in Appendix G.

Over 160 “green” examples and problems populate this edition as a subset
of 750 problems at the conclusion of the 14 chapters in this book. Many of
these problems incorporate energy conservation in commonly experienced
situations with which students can identify.

PowerPoint visual aids for instructors have been expanded and enhanced.

Chapter 2, dealing with choice among alternatives when the time value of
money can be ignored, has been revised for improved readability.

Optional student resources include MyEngineeringLab with Pearson e-text, a
complete on-line version of the book. It allows highlighting, note taking, and
search capabilities. This resource permits access to the Video Solutions files
which accompany this text as well as additional study materials. All end-of-
chapter problems with this icon [ # ] indicate the availability of some form of
Video Solutions.

Strategies of This Book

This book has two primary objectives: (1) to provide students with a sound
understanding of the principles, basic concepts, and methodology of engineering
economy; and (2) to help students develop proficiency with these methods and with
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the process for making rational decisions they are likely to encounter in professional
practice. Interestingly, an engineering economy course may be a student’s only college
exposure to the systematic evaluation of alternative investment opportunities. In this
regard, Engineering Economy is intended to serve as a text for classroom instruction
and as a basic reference for use by practicing engineers in all specialty areas
(e.g., chemical, civil, computer, electrical, industrial, and mechanical engineering).
The book is also useful to persons engaged in the management of technical
activities.

As a textbook, the sixteenth edition is written principally for the first formal
course in engineering economy. A three-credit-hour semester course should be
able to cover the majority of topics in this edition, and there is sufficient depth
and breadth to enable an instructor to arrange course content to suit individual
needs. Representative syllabi for a three-credit and a two-credit semester course
in engineering economy are provided in Table P-1. Moreover, because several
advanced topics are included, this book can also be used for a second course in
engineering economy.

All chapters and appendices have been revised and updated to reflect current
trends and issues. Also, numerous exercises that involve open-ended problem
statements and iterative problem-solving skills are included throughout the book.
A large number of the 750-plus end-of-chapter exercises are new, and many
solved examples representing realistic problems that arise in various engineering
disciplines are presented.

In the 21st century, America is turning over a new leaf for environmental
sustainability. We have worked hard to capture this spirit in many of our examples
and end-of-chapter problems. In fact, more than 160 “green” problems and
examples have been integrated throughout this edition. They are listed in the Green
Content section following the Preface.

Fundamentals of Engineering (FE) exam-style questions are included to
help prepare engineering students for this milestone examination, leading to
professional registration. Passing the FE exam is a first step in getting licensed
as a professional engineer (PE). Engineering students should seriously consider
becoming a PE because it opens many employment opportunities and increases
lifetime earning potential.

It is generally advisable to teach engineering economy at the upper division
level. Here, an engineering economy course incorporates the accumulated knowl-
edge students have acquired in other areas of the curriculum and also deals with
iterative problem solving, open-ended exercises, creativity in formulating and
evaluating feasible solutions to problems, and consideration of realistic constraints
(economic, aesthetic, safety, etc.) in problem solving.

Also available to adopters of this edition is an instructor’s Solutions Manual
and other classroom resources. In addition, PowerPoint visual aids are readily
available to instructors. Visit www . pearsonhighered. com/sullivan for more
information.

Economy Portfolio

In many engineering economy courses, students are required to design, develop,
and maintain an engineering economy portfolio. The purpose of the portfolio
is to demonstrate and integrate knowledge of engineering economy beyond



0¢ :spotrad ssepd Jo JaqunN GF :sporrad ssepd jo Jaquny

(SJNOH 11pPaJD OM]) 3SIN0D) I19ISDWDS

uonjeurwexy [eUL] Sl
samqrienA SULRPIsuo))
SupyeA UoISA(]
uoTjeuUrWEXy [eUL] I aA0qe a3 [V ‘ssad01J Sunadpng reyde) ayJ, Sl P1-€1

sanquyIennN SISATeuy >sry OHsIIqeqoi] g 4

Surapisuo)) Sunyen uoIsSA( I A sisA[euy juaurade[doy] €1 6

saxe], swodou] pue uonenaida ] o / SIsATeuy AJIATIISUSG pue UdAdNeaIyg 4 I

SISATeuy AJIALIISUSG pUe U2Ad eIy Z 1A sajey 93UBDXY pue sadueyD) L] 1A o
T# 1S3 I 9°6°¢ POUIRIN oney 3s0D-1gauag

SaAneWId)Y Suoure ) yim spoaloxg Sunenyeay 01 01

uo1309[eg pue uostreduro)) ¥ 9 saxe], awodu] pue uonenaidac] 6 /

19lox1 a13urg e Sunenyeay Z o uoTjeUTUIEXH WIdPIA 9

sanbruyoay, uoneWnST-1s0D) saA eI Y Suowe

pue smorq yseD Surdoeasq ¢ ¢ uons[eg pue uostreduwo)) / 9

T# 1S9L ! VTl 1301 a[3uIg e Sunen[eay 9 S

ASUOJA] JO anfeA awi 9y, o ¥ ASUOJA] JO anfeA awi a7, ¥ ¥

Auwrouooq yuasar ] sanbruyoay, uonewnsT-1s0D) ¢ o
pue ‘sisA[euy JJO-opeiL, SOTUIOU0dy

a[qerrep a13urg ‘sydaduo)) 380D ¥ Z u3isa(q pue sydaduo)) 350D Z Z

Awouooy Surreaurdug 03 uonPINPOIU] I I Awouody 3urreaurdug 03 UOTPNPOIIU] I I

(s)>1doy SpolLIad (s)491deyd (s)>1doy SENETITETS Ja1deyd
sse[D 40 'ON 9Y3 JO Y39\

(SINOH 11pPaJd 934Y]) 9SIN0D) 191SDWAS

Awouo13 budadulbu3l ul sasino) Joy Iqe|jAs jedndA

Xiv



PREFACE XV

the required assignments and tests. This is usually an individual assignment.
Professional presentation, clarity, brevity, and creativity are important criteria to
be used to evaluate portfolios. Students are asked to keep the audience (i.e., the
grader) in mind when constructing their portfolios.

The portfolio should contain a variety of content. To get credit for content,
students must display their knowledge. Simply collecting articles in a folder
demonstrates very little. To get credit for collected articles, students should read
them and write a brief summary of each one. The summary could explain how
the article is relevant to engineering economy, it could critique the article, or it
could check or extend any economic calculations in the article. The portfolio should
include both the summary and the article itself. Annotating the article by writing
comments in the margin is also a good idea. Other suggestions for portfolio content
follow (note that students are encouraged to be creative):

e Describe and set up or solve an engineering economy problem from your own
discipline (e.g., electrical engineering or building construction).

e Choose a project or problem in society or at your university and apply
engineering economic analysis to one or more proposed solutions.

e Develop proposed homework or test problems for engineering economy.
Include the complete solution. Additionally, state which course objective(s)
this problem demonstrates (include text section).

e Reflect upon and write about your progress in the class. You might include a
self-evaluation against the course objectives.

¢ Includeaphoto or graphic thatillustrates some aspects of engineering economy.
Include a caption that explains the relevance of the photo or graphic.

e Include completely worked out practice problems. Use a different color pen to
show these were checked against the provided answers.

e Rework missed test problems, including an explanation of each mistake.

(The preceding list could reflect the relative value of the suggested items; that is,
items at the top of the list are more important than items at the bottom of the
list.)

Students should develop an introductory section that explains the purpose
and organization of the portfolio. A table of contents and clearly marked sections
or headings are highly recommended. Cite the source (i.e., a complete bibliographic
entry) of all outside material. Remember, portfolios provide evidence that students
know more about engineering economy than what is reflected in the assignments
and exams. The focus should be on quality of evidence, not quantity.

Icons Used in This Book

Throughout this book, these two icons will appear in connection with numerous
chapter opening materials, examples, and problems:

This icon identifies environmental (green) elements of the book. These elements
pertain to engineering economy problems involving energy conservation, materials
substitution, recycling, and other green situations.
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This icon informs students of the availability of video tutorials for the examples
and problems so marked. Students are encouraged to access the tutorials at
www . pearsonhighered.com/sullivan. These icon-designated instances are
intended to reinforce the learning of engineering economy through analogy with
the marked problems and examples.

Overview of the Book

This book is about making choices among competing engineering alternatives.
Most of the cash-flow consequences of the alternatives lie in the future, so our
attention is directed toward the future and not the past. In Chapter 2, we examine
alternatives when the time value of money is not a complicating factor in the
analysis. We then turn our attention in Chapter 3 to how future cash flows are
estimated. In Chapter 4 and subsequent chapters, we deal with alternatives where
the time value of money is a deciding factor in choosing among competing capital
investment opportunities.

Students can appreciate Chapters 2 and 3 and later chapters when they
consider alternatives in their personal lives, such as which job to accept upon
graduation, which automobile or truck to purchase, whether to buy a home or rent
a residence, and many other choices they will face. To be student friendly, we have
included many problems throughout this book that deal with personal finance.
These problems are timely and relevant to a student’s personal and professional
success, and these situations incorporate the structured problem-solving process
that students will learn from this book.

Chapter 4 concentrates on the concepts of money-time relationships and
economic equivalence. Specifically, we consider the time value of money in
evaluating the future revenues and costs associated with alternative uses of
money. Then, in Chapter 5, the methods commonly used to analyze the economic
consequences and profitability of an alternative are demonstrated. These methods,
and their proper use in the comparison of alternatives, are primary subjects of
Chapter 6, which also includes a discussion of the appropriate time period for
an analysis. Thus, Chapters 4, 5, and 6 together develop an essential part of
the methodology needed for understanding the remainder of the book and for
performing engineering economy studies on a before-tax basis.

In Chapter 7, the additional details required to accomplish engineering
economy studies on an after-tax basis are explained. In the private sector, most
engineering economy studies are done on an after-tax basis. Therefore, Chapter 7
adds to the basic methodology developed in Chapters 4, 5, and 6.

The effects of inflation (or deflation), price changes, and international
exchange rates are the topics of Chapter 8. The concepts for handling price
changes and exchange rates in an engineering economy study are discussed both
comprehensively and pragmatically from an application viewpoint.

Often, an organization must analyze whether existing assets should be
continued in service or replaced with new assets to meet current and future
operating needs. In Chapter 9, techniques for addressing this question are
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developed and presented. Because the replacement of assets requires significant
capital, decisions made in this area are important and demand special attention.

Chapter 10 is dedicated to the analysis of public projects with the benefit—cost
ratio method of comparison. The development of this widely used method of
evaluating alternatives was motivated by the Flood Control Act passed by the
U.S. Congress in 1936.

Concern over uncertainty and risk is a reality in engineering practice. In
Chapter 11, the impact of potential variation between the estimated economic
outcomes of an alternative and the results that may occur is considered. Breakeven
and sensitivity techniques for analyzing the consequences of risk and uncertainty
in future estimates of revenues and costs are discussed and illustrated.

In Chapter 12, probabilistic techniques for analyzing the consequences of risk
and uncertainty in future cash-flow estimates and other factors are explained.
Discrete and continuous probability concepts, as well as Monte Carlo simulation
techniques, are included in Chapter 12.

Chapter 13 is concerned with the proper identification and analysis of all
projects and other needs for capital within an organization. Accordingly, the capital
financing and capital allocation process to meet these needs is addressed. This
process is crucial to the welfare of an organization, because it affects most operating
outcomes, whether in terms of current product quality and service effectiveness or
long-term capability to compete in the world market. Finally, Chapter 14 discusses
many time-tested methods for including nonmonetary attributes (intangibles) in
engineering economy studies.

We would like to extend a heartfelt “thank you” to our colleagues and students
for their many helpful suggestions (and critiques!) for this sixteenth edition of
“Engineering Economy.” We owe an enormous debt of gratitude to numerous
individuals who have contributed to this edition: Jim Alloway, Karen Bursic,
Thomas Cassel, Linda Chattin, Robert Dryden, Jim Luxhoj, Thomas Keyser,
Samantha Marcum and Shayam Moondra. Also special thanks to our Pearson
Prentice Hall team who have made invaluable improvements to this effort: Scott
Disanno, Greg Dulles, Pavithra Jayapaul, Miguel Leonarte, Clare Romeo, and Holly
Stark.



GREEN CONTENT

Chapter 1

p- 1 (chapter opener)

p- 14 (Example 1-3)

p- 16 (Problems 1-1 and 1-3)

p- 17 (Problems 1-5, 1-7, 1-9 to 1-12)
p- 18 (Problem 1-15)

p- 19 (Problems 1-20 and 1-21)

Chapter 2
p- 42 (Example 2-7)
p- 44 (Example 2-8)
p- 49 (Example 2-11)
p- 52 (Problems 2-3 and 2-4)
p- 53 (Problem 2-12)
p- 54 (Problems 2-16, 2-21, and 2-22)
p. 55 (Problems 2-23, 2-24, 2-28, and 2-30)
p- 56 (Problems 2-31 to 2-33 and 2-37)
p- 57 (Problems 2-38, 2-39, 2-41, and 2-42)
p- 58 (Problems 2-45 and 2-47, Spreadsheet Exercise 2-49)

Chapter 3

p- 67 (chapter opener)

p- 94 (Case Study 3.5)

. 100 (Problems 3-1 and 3-4)

. 101 (Problems 3-6, 3-11, and 3-12)

. 102 (Problems 3-14 and 3-15)

. 106 (FE Practice Problems 3-37 and 3-40)

geliscBsclige)

Chapter 4

. 107 (chapter opener)

. 115 (Example 4-2)

. 127 (Example 4-10)

. 141 (Example 4-18)

. 172 (Problems 4-33, 4-36, 4-37, and 4-40)
. 173 (Problem 4-43)

gelacliscBaclisolige}

Xviii



GREEN CONTENT  XiX

p- 174 (Problem 4-53)
p. 175 (Problems 4-65, 4-70, and 4-71)
p- 177 (Problems 4-82, 4-84, and 4-85)
p- 178 (Problem 4-88)

Chapter 5

p- 186 (chapter opener)

p- 192 (Example 5-2)

p- 197 (Example 5-7)

p- 200 (Example 5-10)

p- 217 (Example 5-19)

p- 225 (Problems 5-2, 5-6, and 5-9)

p- 227 (Problem 5-25)

p- 228 (Problems 5-28, 5-29, 5-31, 5-33, and 5-34)
p- 229 (Problems 5-35, 5-39, and 5-41)

p- 231 (Problems 5-49 to 5-51)

p- 232 (Problems 5-56 to 5-59)

p- 235 (FE Practice Problems 5-75, 5-81, and 5-83)

Chapter 6

p- 240 (chapter opener)

p- 269 (Example 6-9)

p- 281 (Case Study 6-7)

p- 292 (Problem 6-2)

p- 293 (Problem 6-6)

p- 294 (Problems 6-8 and 6-13)

p- 295 (Problems 6-16 and 6-17)

p- 296 (Problems 6-20, 6-23, and 6-24)
p- 297 (Problem 6-29)

p- 298 (Problem 6-34)

p- 299 (Problems 6-35, 6-38, and 6-41)
p- 300 (Problem 6-43)

p- 301 (Problems 6-46 and 6-49)

p- 302 (Problems 6-51 and 6-53)

p- 303 (Problems 6-57 to 6-59)

p- 304 (Problems 6-64 and 6-66)

p- 306 (FE Practice Problem 6-79)

Chapter 7

p- 308 (chapter opener)

p- 341 (Example 7-14)

p- 361 (Problems 7-37 and 7-40)
p- 365 (Problem 7-60)




XX  GREEN CONTENT

Chapter 8
p- 382 (Example 8-8)
p- 390 (Case Study 8-7)
p- 395 (Problem 8-11)
p- 396 (Problem 8-18)
p- 397 (Problems 8-21, 8-23, and 8-25)
p- 399 (Problems 8-41 and 8-42)
p- 400 (Problem 8-46)
p- 402 (Case Study Exercises 8-52 to 8-54, FE Practice Problem 8-61)

Chapter 9
p- 403 (chapter opener)
p- 436 (Problem 9-6)
p- 437 (Problem 9-12)
p- 440 (Problem 9-25)

Chapter 10

p- 468 (Problems 10-2, 10-4, and 10-5)
p- 470 (Problem 10-13)
p- 472 (Problems 10-21 and 10-24)

Chapter 11

p- 478 (Example 11-1)

p- 479 (Example 11-2)

p- 480 (Example 11-3)

p- 493 (Problems 11-2 and 11-3)

p- 494 (Problem 11-6)

p- 496 (Problems 11-16 to 11-18)

p- 497 (Problems 11-21 and 11-22)

p- 498 (Spreadsheet Exercises 11-24 and 11-25)
p- 499 (Spreadsheet Exercises 11-27 to 11-29)
p- 501 (FE Practice Problem 11-40)

Chapter 12

p- 502 (chapter opener)
p- 539 (Problems 12-4 and 12-6)
p- 540 (Problem 12-7)

Chapter 13

p- 546 (chapter opener)

Chapter 14
p- 575 (chapter opener)
p- 590 (Example 14-2)
p- 597 (Problem 14-17)



ENGINEERING
ECONOMY

Sixteenth Edition






CHAPTER 1

Introduction to Engineering
Economy

The purpose of Chapter 1 is to present the concepts and principles of
engineering economy,.

1’" Green Engineering in Action

- "%{

l nergy conservation comprises an important element in
E environmentally-conscious (green) engineering. In a Southeas-
i tern city, there are 310 traffic intersections that have been
converted from incandescent lights to light-emitting diode (LED) lights. The
study that led to this decision was conducted by the sustainability manager of
the city. The wattage used at the intersections has been reduced from 150 watts
to 15 watts at each traffic light. The resultant lighting bill has been lowered from
$440,000 annually to $44,000 annually. When engineers went to check the traffic
light meters for the first time, they were shocked by the low wattage numbers
and the associated cost. One of them said, “We thought the meters were broken
because the readings were so low.” The annual savings of $396,000 per year from
the traffic light conversion more than paid for the $150,000 cost of installing the
LED lights. Chapter 1 introduces students to the decision-making process that
accompanies “go/no go” evaluations of investments in engineering projects such
| as the one described above.




The best alternative may be the one you haven't yet discovered.

—Anonymous

Icons Used in This Book

Throughout this book, these two icons will appear in connection with numerous
chapter opening materials, examples, and problems:

[ This icon identifies environmental (green) elements of the book. These elements
) pertain to engineering economy problems involving energy conservation, materials
substitution, recycling, and other green situations.

This icon informs students of the availability of video tutorials for the examples
and problems so marked. Students are encouraged to access the tutorials at
www . pearsonhighered.com/sullivan. These icon-designated instances are
intended to reinforce the learning of engineering economy through analogy with
the marked problems and examples.

VIDED:
SOLUTIONS

1.1 Introduction

The technological and social environments in which we live continue to change
at a rapid rate. In recent decades, advances in science and engineering have
transformed our transportation systems, revolutionized the practice of medicine,
and miniaturized electronic circuits so that a computer can be placed on a
semiconductor chip. The list of such achievements seems almost endless. In your
science and engineering courses, you will learn about some of the physical laws
that underlie these accomplishments.

The utilization of scientific and engineering knowledge for our benefit is
achieved through the design of things we use, such as furnaces for vaporizing trash
and structures for supporting magnetic railways. However, these achievements
don’t occur without a price, monetary or otherwise. Therefore, the purpose of
this book is to develop and illustrate the principles and methodology required
to answer the basic economic question of any design: Do its benefits exceed its
costs?

The Accreditation Board for Engineering and Technology states that engineer-
ing “is the profession in which a knowledge of the mathematical and natural
sciences gained by study, experience, and practice is applied with judgment to
develop ways to utilize, economically, the materials and forces of nature for the
benefit of mankind.”* In this definition, the economic aspects of engineering are
emphasized, as well as the physical aspects. Clearly, it is essential that the economic
part of engineering practice be accomplished well. Thus, engineers use knowledge
to find new ways of doing things economically.

* Accreditation Board of Engineering and Technology, Criteria for Accrediting Programs in Engineering in the United States
(New York; Baltimore, MD: ABET, 1998).
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Engineering economy involves the systematic evaluation of the economic merits
of proposed solutions to engineering problems. To be economically acceptable
(i.e., affordable), solutions to engineering problems must demonstrate a positive
balance of long-term benefits over long-term costs, and they must also

e promote the well-being and survival of an organization,

e embody creative and innovative technology and ideas,

e permit identification and scrutiny of their estimated outcomes, and

e translate profitability to the “bottom line” through a valid and acceptable
measure of merit.

Engineering economy is the dollars-and-cents side of the decisions that
engineers make or recommend as they work to position a firm to be profitable
in a highly competitive marketplace. Inherent to these decisions are trade-offs
among different types of costs and the performance (response time, safety, weight,
reliability, etc.) provided by the proposed design or problem solution. The mission
of engineering economy is to balance these trade-offs in the most economical manner.
For instance, if an engineer at Ford Motor Company invents a new transmission
lubricant that increases fuel mileage by 10% and extends the life of the transmission
by 30,000 miles, how much can the company afford to spend to implement this
invention? Engineering economy can provide an answer.

A few more of the myriad situations in which engineering economy plays a
crucial role in the analysis of project alternative come to mind:

1. Choosing the best design for a high-efficiency gas furnace

2. Selecting the most suitable robot for a welding operation on an automotive
assembly line

3. Making arecommendation about whether jet airplanes for an overnight delivery
service should be purchased or leased

4. Determining the optimal staffing plan for a computer help desk

From these illustrations, it should be obvious that engineering economy includes
significant technical considerations. Thus, engineering economy involves technical
analysis, with emphasis on the economic aspects, and has the objective of assisting
decisions. This is true whether the decision maker is an engineer interactively
analyzing alternatives at a computer-aided design workstation or the Chief
Executive Officer (CEO) considering a new project. An engineer who is unprepared to
excel at engineering economy is not properly equipped for his or her job.

1.2 The Principles of Engineering Economy

The development, study, and application of any discipline must begin with a
basic foundation. We define the foundation for engineering economy to be a set of
principles that provide a comprehensive doctrine for developing the methodology.
These principles will be mastered by students as they progress through this book.
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Once a problem or need has been clearly defined, the foundation of the discipline
can be discussed in terms of seven principles.

m Develop the Alternatives

Carefully define the problem! Then the choice (decision) is among alternatives.
The alternatives need to be identified and then defined for subsequent analysis.

A decision situation involves making a choice among two or more alternatives.
Developing and defining the alternatives for detailed evaluation is important
because of the resulting impact on the quality of the decision. Engineers and
managers should place a high priority on this responsibility. Creativity and
innovation are essential to the process.

One alternative that may be feasible in a decision situation is making no change
to the current operation or set of conditions (i.e., doing nothing). If you judge this
option feasible, make sure it is considered in the analysis. However, do not focus
on the status quo to the detriment of innovative or necessary change.

m Focus on the Differences

Only the differences in expected future outcomes among the alternatives are
relevant to their comparison and should be considered in the decision.

If all prospective outcomes of the feasible alternatives were exactly the same, there
would be no basis or need for comparison. We would be indifferent among the
alternatives and could make a decision using a random selection.

Obviously, only the differences in the future outcomes of the alternatives are
important. Outcomes that are common to all alternatives can be disregarded in
the comparison and decision. For example, if your feasible housing alternatives
were two residences with the same purchase (or rental) price, price would be
inconsequential to your final choice. Instead, the decision would depend on other
factors, such as location and annual operating and maintenance expenses. This
simple example illustrates Principle 2, which emphasizes the basic purpose of an
engineering economic analysis: to recommend a future course of action based on
the differences among feasible alternatives.

m Use a Consistent Viewpoint

The prospective outcomes of the alternatives, economic and other, should be
consistently developed from a defined viewpoint (perspective).

The perspective of the decision maker, which is often that of the owners of the
firm, would normally be used. However, it is important that the viewpoint for the
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particular decision be first defined and then used consistently in the description,
analysis, and comparison of the alternatives.

As an example, consider a public organization operating for the purpose of
developing a river basin, including the generation and wholesale distribution of
electricity from dams on the river system. A program is being planned to upgrade
and increase the capacity of the power generators at two sites. What perspective
should be used in defining the technical alternatives for the program? The “owners
of the firm” in this example means the segment of the public that will pay the cost
of the program, and their viewpoint should be adopted in this situation.

Now let us look at an example where the viewpoint may not be that of the
owners of the firm. Suppose that the company in this example is a private firm and
that the problem deals with providing a flexible benefits package for the employees.
Also, assume that the feasible alternatives for operating the plan all have the same
future costs to the company. The alternatives, however, have differences from
the perspective of the employees, and their satisfaction is an important decision
criterion. The viewpoint for this analysis should be that of the employees of the
company as a group, and the feasible alternatives should be defined from their
perspective.

PRINCIPLE 4

Use a Common Unit of Measure

Using a common unit of measurement to enumerate as many of the prospective
outcomes as possible will simplify the analysis of the alternatives.

It is desirable to make as many prospective outcomes as possible commensurable
(directly comparable). For economic consequences, a monetary unit such as dollars
is the common measure. You should also try to translate other outcomes (which
do not initially appear to be economic) into the monetary unit. This translation, of
course, will not be feasible with some of the outcomes, but the additional effort
toward this goal will enhance commensurability and make the subsequent analysis
of alternatives easier.

What should you do with the outcomes that are not economic (i.e., the expected
consequences that cannot be translated (and estimated) using the monetary unit)?
First, if possible, quantify the expected future results using an appropriate unit of
measurement for each outcome. If this is not feasible for one or more outcomes,
describe these consequences explicitly so that the information is useful to the
decision maker in the comparison of the alternatives.

Consider All Relevant Criteria

Selection of a preferred alternative (decision making) requires the use of a
criterion (or several criteria). The decision process should consider both the
outcomes enumerated in the monetary unit and those expressed in some other
unit of measurement or made explicit in a descriptive manner.
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The decision maker will normally select the alternative that will best serve the
long-term interests of the owners of the organization. In engineering economic
analysis, the primary criterion relates to the long-term financial interests of the
owners. This is based on the assumption that available capital will be allocated to
provide maximum monetary return to the owners. Often, though, there are other
organizational objectives you would like to achieve with your decision, and these
should be considered and given weight in the selection of an alternative. These
nonmonetary attributes and multiple objectives become the basis for additional
criteria in the decision-making process. This is the subject of Chapter 14.

PRINCIPLE 6

Make Risk and Uncertainty Explicit

Risk and uncertainty are inherent in estimating the future outcomes of the alter-
natives and should be recognized in their analysis and comparison.

The analysis of the alternatives involves projecting or estimating the future
consequences associated with each of them. The magnitude and the impact of future
outcomes of any course of action are uncertain. Even if the alternative involves no
change from current operations, the probability is high that today’s estimates of,
for example, future cash receipts and expenses will not be what eventually occurs.
Thus, dealing with uncertainty is an important aspect of engineering economic
analysis and is the subject of Chapters 11 and 12.

Revisit Your Decisions

Improved decision making results from an adaptive process; to the extent
practicable, the initial projected outcomes of the selected alternative should be
subsequently compared with actual results achieved.

A good decision-making process can result in a decision that has an undesirable
outcome. Other decisions, even though relatively successful, will have results
significantly different from the initial estimates of the consequences. Learning from
and adapting based on our experience are essential and are indicators of a good
organization.

The evaluation of results versus the initial estimate of outcomes for the selected
alternative is often considered impracticable or not worth the effort. Too often,
no feedback to the decision-making process occurs. Organizational discipline is
needed to ensure that implemented decisions are routinely postevaluated and that
the results are used to improve future analyses and the quality of decision making.
For example, a common mistake made in the comparison of alternatives is the
failure to examine adequately the impact of uncertainty in the estimates for selected
factors on the decision. Only postevaluations will highlight this type of weakness
in the engineering economy studies being done in an organization.



SecTION 1.3 / ENGINEERING ECONOMY AND THE DESIGN PROCESs 7

1.3 Engineering Economy and the Design Process

An engineering economy study is accomplished using a structured procedure
and mathematical modeling techniques. The economic results are then used in
a decision situation that normally includes other engineering knowledge and
input.

Asound engineering economic analysis procedure incorporates the basic principles
discussed in Section 1.2 and involves several steps. We represent the procedure
in terms of the seven steps listed in the left-hand column of Table 1-1. There are
several feedback loops (not shown) within the procedure. For example, within
Step 1, information developed in evaluating the problem will be used as feedback
to refine the problem definition. As another example, information from the analysis
of alternatives (Step 5) may indicate the need to change one or more of them or to
develop additional alternatives.

The seven-step procedure is also used to assist decision making within the
engineering design process, shown as the right-hand column in Table 1-1. In this
case, activities in the design process contribute information to related steps in the
economic analysis procedure. The general relationship between the activities in
the design process and the steps of the economic analysis procedure is indicated
in Table 1-1.

The engineering design process may be repeated in phases to accomplish a
total design effort. For example, in the first phase, a full cycle of the process may
be undertaken to select a conceptual or preliminary design alternative. Then, in
the second phase, the activities are repeated to develop the preferred detailed
design based on the selected preliminary design. The seven-step economic analysis

The General Relationship between the Engineering Economic Analysis
Procedure and the Engineering Design Process

Engineering Design Process

Engineering Economic Analysis Procedure (see Figure P1-15 on p. 18)
Step Activity
1. Problem recognition, definition, and 1. Problem/need definition.
evaluation.
2. Problem/need formulation and evaluation.
2. Development of the feasible alter- 3. Synthesis of possible solutions (alternatives).
natives.
3. Development of the outcomes and
cash flows for each alternative.
4. Selection of a criterion (or criteria). 4. Analysis, optimization, and evaluation.
5. Analysis and comparison of the
alternatives.
6. Selection of the preferred alternative. 5. Specification of preferred alternative.
7. Performance monitoring and post- 6. Communication.

evaluation of results.
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procedure would be repeated as required to assist decision making in each phase
of the total design effort. This procedure is discussed next.

1.3.1 Problem Definition

The first step of the engineering economic analysis procedure (problem definition)
is particularly important, since it provides the basis for the rest of the analysis. A
problem must be well understood and stated in an explicit form before the project
team proceeds with the rest of the analysis.

The term problem is used here generically. It includes all decision situations for
which an engineering economy analysis is required. Recognition of the problem is
normally stimulated by internal or external organizational needs or requirements.
An operating problem within a company (internal need) or a customer expectation
about a product or service (external requirement) are examples.

Once the problem is recognized, its formulation should be viewed from a
systems perspective. That is, the boundary or extent of the situation needs to
be carefully defined, thus establishing the elements of the problem and what
constitutes its environment.

Evaluation of the problem includes refinement of needs and requirements, and
information from the evaluation phase may change the original formulation of the
problem. In fact, redefining the problem until a consensus is reached may be the
most important part of the problem-solving process!

1.3.2 Development of Alternatives*

The two primary actions in Step 2 of the procedure are (1) searching for potential
alternatives and (2) screening them to select a smaller group of feasible alternatives
for detailed analysis. The term feasible here means that each alternative selected for
further analysis is judged, based on preliminary evaluation, to meet or exceed the
requirements established for the situation.

1.3.2.1 Searching for Superior Alternatives In the discussion of Prin-
ciple 1 (Section 1.2), creativity and resourcefulness were emphasized as being
absolutely essential to the development of potential alternatives. The difference
between good alternatives and great alternatives depends largely on an indi-
vidual’s or group’s problem-solving efficiency. Such efficiency can be increased in
the following ways:

Concentrate on redefining one problem at a time in Step 1.
Develop many redefinitions for the problem.
Avoid making judgments as new problem definitions are created.

e

Attempt to redefine a problem in terms that are dramatically different from the
original Step 1 problem definition.

* This is sometimes called option development. This important step is described in detail in A. B. Van Gundy, Techniques
of Structured Problem Solving, 2nd ed. (New York: Van Nostrand Reinhold Co., 1988). For additional reading, see
E. Lumsdaine and M. Lumsdaine, Creative Problem Solving—An Introductory Course for Engineering Students (New York:
McGraw-Hill Book Co., 1990) and J. L. Adams, Conceptual Blockbusting—A Guide to Better Ideas (Reading, MA: Addison-
Wesley Publishing Co., 1986).
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5. Make sure that the true problem is well researched and understood.

In searching for superior alternatives or identifying the true problem, several
limitations invariably exist, including (1) lack of time and money, (2) preconcep-
tions of what will and what will not work, and (3) lack of knowledge. Consequently,
the engineer or project team will be working with less-than-perfect problem
solutions in the practice of engineering.

Defining the Problem and Developing Alternatives

The management team of a small furniture-manufacturing company is under
pressure to increase profitability to get a much-needed loan from the bank to
purchase a more modern pattern-cutting machine. One proposed solution is to
sell waste wood chips and shavings to a local charcoal manufacturer instead of
using them to fuel space heaters for the company’s office and factory areas.

(a) Define the company’s problem. Next, reformulate the problem in a variety
of creative ways.

(b) Develop at least one potential alternative for your reformulated problems
in Part (a). (Don’t concern yourself with feasibility at this point.)

Solution

(a) The company’s problem appears to be that revenues are not sufficiently
covering costs. Several reformulations can be posed:

1. The problem is to increase revenues while reducing costs.
2. The problem is to maintain revenues while reducing costs.

3. The problem is an accounting system that provides distorted cost
information.

4. The problem is that the new machine is really not needed (and hence
there is no need for a bank loan).

(b) Based only on reformulation 1, an alternative is to sell wood chips and
shavings as long as increased revenue exceeds extra expenses that may
be required to heat the buildings. Another alternative is to discontinue
the manufacture of specialty items and concentrate on standardized, high-
volume products. Yet another alternative is to pool purchasing, accounting,
engineering, and other white-collar support services with other small firms
in the area by contracting with a local company involved in providing these
services.

1.3.2.2 Developing Investment Alternatives “It takes money to make
money,” as the old saying goes. Did you know that in the United States the average
firm spends over $250,000 in capital on each of its employees? So, to make money,
each firm must invest capital to support its important human resources—but
in what else should an individual firm invest? There are usually hundreds of
opportunities for a company to make money. Engineers are at the very heart of
creating value for a firm by turning innovative and creative ideas into new or



10 CHAPTER 1 / INTRODUCTION TO ENGINEERING ECONOMY

reengineered commercial products and services. Most of these ideas require invest-
ment of money, and only a few of all feasible ideas can be developed, due to lack
of time, knowledge, or resources.

Consequently, most investment alternatives created by good engineering ideas
are drawn from a larger population of equally good problem solutions. But how
can this larger set of equally good solutions be tapped into? Interestingly, studies
have concluded that designers and problem solvers tend to pursue a few ideas that
involve “patching and repairing” an old idea.” Truly new ideas are often excluded
from consideration! This section outlines two approaches that have found wide
acceptance in industry for developing sound investment alternatives by removing
some of the barriers to creative thinking: (1) classical brainstorming and (2) the
Nominal Group Technique (NGT).

(1) Classical Brainstorming. Classical brainstorming is the most well-known
and often-used technique for idea generation. It is based on the fundamental
principles of deferment of judgment and that quantity breeds quality. There are four
rules for successful brainstorming:

1. Criticism is ruled out.

2. Freewheeling is welcomed.
3. Quantity is wanted.
4

. Combination and improvement are sought.

A.F Osborn lays out a detailed procedure for successful brainstorming.™ A classical
brainstorming session has the following basic steps:

1. Preparation. The participants are selected, and a preliminary statement of the
problem is circulated.

2. Brainstorming. A warm-up session with simple unrelated problems is
conducted, the relevant problem and the four rules of brainstorming are
presented, and ideas are generated and recorded using checklists and other
techniques if necessary.

3. Evaluation. The ideas are evaluated relative to the problem.

Generally, a brainstorming group should consist of four to seven people, although
some suggest larger groups.

(2) Nominal Group Technique. The NGT, developed by Andre P. Delbecq
and Andrew H. Van de Ven,} involves a structured group meeting designed to
incorporate individual ideas and judgments into a group consensus. By correctly
applying the NGT, it is possible for groups of people (preferably, 5 to 10) to generate
investment alternatives or other ideas for improving the competitiveness of the

* 5. Finger and J. R. Dixon, “A Review of Research in Mechanical Engineering Design. Part I: Descriptive, Prescriptive,
and Computer-Based Models of Design Processes,” in Research in Engineering Design (New York: Springer-Verlag, 1990).
t A. E. Osborn, Applied Imagination, 3rd ed. (New York: Charles Scribner’s Sons, 1963). Also refer to P. R. Scholtes,
B. L. Joiner, and B. J. Streibel, The Teamn Handbook, 2nd ed. (Madison, WI: Oriel Inc., 1996).

¥ A. Van de Ven and A. Delbecq, “The Effectiveness of Nominal, Delphi, and Interactive Group Decision Making
Processes,” Academy of Management Journal 17, no. 4 (December 1974): 605-21.
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firm. Indeed, the technique can be used to obtain group thinking (consensus) on a
wide range of topics. For example, a question that might be given to the group is,
“What are the most important problems or opportunities for improvement of . . .?”

The technique, when properly applied, draws on the creativity of the individual
participants, while reducing two undesirable effects of most group meetings: (1) the
dominance of one or more participants and (2) the suppression of conflicting ideas.
The basic format of an NGT session is as follows:

Individual silent generation of ideas
Individual round-robin feedback and recording of ideas
Group clarification of each idea

Individual voting and ranking to prioritize ideas

G PN

Discussion of group consensus results

The NGT session begins with an explanation of the procedure and a statement
of question(s), preferably written by the facilitator.* The group members are
then asked to prepare individual listings of alternatives, such as investment
ideas or issues that they feel are crucial for the survival and health of the
organization. This is known as the silent-generation phase. After this phase has
been completed, the facilitator calls on each participant, in round-robin fashion,
to present one idea from his or her list (or further thoughts as the round-robin
session is proceeding). Each idea (or opportunity) is then identified in turn and
recorded on a flip chart or board by the NGT facilitator, leaving ample space
between ideas for comments or clarification. This process continues until all the
opportunities have been recorded, clarified, and displayed for all to see. At this
point, a voting procedure is used to prioritize the ideas or opportunities. Finally,
voting results lead to the development of group consensus on the topic being
addressed.

1.3.3 Development of Prospective Outcomes

Step 3 of the engineering economic analysis procedure incorporates Principles 2, 3,
and 4 from Section 1.2 and uses the basic cash-flow approach employed in engineering
economy. A cash flow occurs when money is transferred from one organization
or individual to another. Thus, a cash flow represents the economic effects of an
alternative in terms of money spent and received.

Consider the concept of an organization having only one “window” to its
external environment through which all monetary transactions occur—receipts
of revenues and payments to suppliers, creditors, and employees. The key to
developing the related cash flows for an alternative is estimating what would
happen to the revenues and costs, as seen at this window, if the particular
alternative were implemented. The net cash flow for an alternative is the difference
between all cash inflows (receipts or savings) and cash outflows (costs or expenses)
during each time period.

* A good example of the NGT is given in D. S. Sink, “Using the Nominal Group Technique Effectively,” National
Productivity Review, 2 (Spring 1983): 173-84.
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In addition to the economic aspects of decision making, nonmonetary factors
(attributes) often play a significant role in the final recommendation. Examples
of objectives other than profit maximization or cost minimization that can be
important to an organization include the following;:

Meeting or exceeding customer expectations

Safety to employees and to the public

Improving employee satisfaction

Maintaining production flexibility to meet changing demands
Meeting or exceeding all environmental requirements

AU S i A

Achieving good public relations or being an exemplary member of the
community

1.3.4 Selection of a Decision Criterion

The selection of a decision criterion (Step 4 of the analysis procedure) incorporates
Principle 5 (consider all relevant criteria). The decision maker will normally select
the alternative that will best serve the long-term interests of the owners of the
organization. It is also true that the economic decision criterion should reflect
a consistent and proper viewpoint (Principle 3) to be maintained throughout an
engineering economy study.

1.3.5 Analysis and Comparison of Alternatives

Analysis of the economic aspects of an engineering problem (Step 5) is largely
based on cash-flow estimates for the feasible alternatives selected for detailed study.
A substantial effort is normally required to obtain reasonably accurate forecasts of
cash flows and other factors in view of, for example, inflationary (or deflationary)
pressures, exchange rate movements, and regulatory (legal) mandates that often
occur. Clearly, the consideration of future uncertainties (Principle 6) is an essential
partof an engineering economy study. When cash flow and other required estimates
are eventually determined, alternatives can be compared based on their differences
as called for by Principle 2. Usually, these differences will be quantified in terms of
a monetary unit such as dollars.

1.3.6 Selection of the Preferred Alternative

When the first five steps of the engineering economic analysis procedure have been
done properly, the preferred alternative (Step 6) is simply a result of the total effort.
Thus, the soundness of the technical-economic modeling and analysis techniques
dictates the quality of the results obtained and the recommended course of action.
Step 6 is included in Activity 5 of the engineering design process (specification of
the preferred alternative) when done as part of a design effort.

1.3.7 Performance Monitoring and Postevaluation of Results

This final step implements Principle 7 and is accomplished during and after the
time that the results achieved from the selected alternative are collected. Monitoring



project performance during its operational phase improves the achievement of
related goals and objectives and reduces the variability in desired results. Step 7 is
also the follow-up step to a previous analysis, comparing actual results achieved
with the previously estimated outcomes. The aim is to learn how to do better
analyses, and the feedback from postimplementation evaluation is important to
the continuing improvement of operations in any organization. Unfortunately, like
Step 1, this final step is often not done consistently or well in engineering practice;
therefore, it needs particular attention to ensure feedback for use in ongoing and
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subsequent studies.

Application of the Engineering Economic Analysis Procedure

A friend of yours bought a small apartment building for $100,000 in a college
town. She spent $10,000 of her own money for the building and obtained a
mortgage from a local bank for the remaining $90,000. The annual mortgage
payment to the bank is $10,500. Your friend also expects that annual maintenance
on the building and grounds will be $15,000. There are four apartments (two
bedrooms each) in the building that can each be rented for $360 per month.

Refer to the seven-step procedure in Table 1-1 (left-hand side) to answer

these questions:

(@)
(b)
(c)

(d)

(e)

)

Does your friend have a problem? If so, what is it?
What are her alternatives? (Identify at least three.)

Estimate the economic consequences and other required data for the
alternatives in Part (b).

Select a criterion for discriminating among alternatives, and use it to advise
your friend on which course of action to pursue.

Attempt to analyze and compare the alternatives in view of at least one
criterion in addition to cost.

What should your friend do based on the information you and she have
generated?

Solution

(@)

(b)

(c)

A quick set of calculations shows that your friend does indeed have a
problem. Alot more money is being spent by your friend each year ($10,500 +
$15,000 = $25,500) than is being received (4 x $360 x 12 = $17,280). The
problem could be that the monthly rent is too low. She’s losing $8,220 per
year. (Now, that’s a problem!)

Option (1). Raise the rent. (Will the market bear an increase?)

Option (2). Lower maintenance expenses (but not so far as to cause safety
problems).

Option (3). Sell the apartment building. (What about a loss?)

Option (4). Abandon the building (bad for your friend’s reputation).

Option (1). Raise total monthly rent to $1,440 + $R for the four apartments to
cover monthly expenses of $2,125. Note that the minimum increase in rent
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(d)

(e)

would be (52,125 — $1,440) /4 = $171.25 per apartment per month (almost a
50% increase!).

Option (2). Lower monthly expenses to $2,125 — $C so that these expenses
are covered by the monthly revenue of $1,440 per month. This would have
to be accomplished primarily by lowering the maintenance cost. (There’s
not much to be done about the annual mortgage cost unless a favorable
refinancing opportunity presents itself.) Monthly maintenance expenses
would have to be reduced to ($1,440 — $10,500/12) = $565. This represents
more than a 50% decrease in maintenance expenses.

Option (3). Try to sell the apartment building for $X, which recovers the
original $10,000 investment and (ideally) recovers the $685 per month loss
($8,220 = 12) on the venture during the time it was owned.

Option (4). Walk away from the venture and kiss your investment good-bye.
The bank would likely assume possession through foreclosure and may try
to collect fees from your friend. This option would also be very bad for your
friend’s credit rating.

One criterion could be to minimize the expected loss of money. In this case,
you might advise your friend to pursue Option (1) or (3).

For example, let’s use “credit worthiness” as an additional criterion. Option
(4) is immediately ruled out. Exercising Option (3) could also harm your
friend’s credit rating. Thus, Options (1) and (2) may be her only realistic and
acceptable alternatives.

(f) Your friend should probably do a market analysis of comparable housing

in the area to see if the rent could be raised (Option 1). Maybe a fresh coat
of paint and new carpeting would make the apartments more appealing
to prospective renters. If so, the rent can probably be raised while keeping
100% occupancy of the four apartments.

A tip to the wise—as an aside to Example 1-2, your friend would need a good credit
report to get her mortgage approved. In this regard, there are three major credit
bureaus in the United States: Equifax, Experian, and TransUnion. It's a good idea to
regularly review your own credit report for unauthorized activity. You are entitled
to a free copy of your report once per year from each bureau. Consider getting a

report every four months from www.annualcreditreport.com.

Get Rid of the Old Clunker?

Engineering economy is all about deciding among competing alternatives. When
the time value of money is NOT a key ingredient in a problem, Chapter 2 should
be referenced. If the time value of money (e.g., an interest rate) is integral to an
engineering problem, Chapter 4 (and beyond) provides an explanation of how
to analyze these problems.

Consider this situation: Linda and Jerry are faced with a car replacement

opportunity where an interest rate can be ignored. Jerry’s old clunker that
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averages 10 miles per gallon (mpg) of gasoline can be traded in toward a vehicle
that gets 15 mpg. Or, as an alternative, Linda’s 25 mpg car can be traded in
toward a new hybrid vehicle that averages 50 mpg. If they drive both cars 12,000
miles per year and their goal is to minimize annual gas consumption, which car
should be replaced—]Jerry’s or Linda’s? They can only afford to upgrade one
car at this time.

Solution

Jerry’s trade-in will save (12,000 miles/year)/10 mpg — (12,000 miles/year)/
15 mpg = 1,200 gallons/year — 800 gallons/year = 400 gallons/year.

Linda’s trade-in will save (12,000 miles/year)/25 mpg — (12,000 miles/
year)/50 mpg = 480 gallons/year — 240 gallons/year = 240 gallons/year.
Therefore, Jerry should trade in his vehicle to save more gasoline.

1.4 Using Spreadsheets in Engineering Economic Analysis

Spreadsheets are a useful tool for solving engineering economy problems. Most
engineering economy problems are amenable to spreadsheet solution for the
following reasons:

1. They consist of structured, repetitive calculations that can be expressed as
formulas that rely on a few functional relationships.

2. The parameters of the problem are subject to change.
3. The results and the underlying calculations must be documented.

4. Graphical output is often required, as well as control over the format of the

graphs.

Spreadsheets allow the analyst to develop an application rapidly, without being
inundated by the housekeeping details of programming languages. They relieve
the analyst of the drudgery of number crunching but still focus on problem
formulation. Computer spreadsheets created in Excel are integrated throughout all
chapters in this book. More on spreadsheet modeling can be found in Appendix A.

1.5 Try Your Skills

The number in parentheses that follows each problem refers to the section
from which the problem is taken. Solutions to these problems can be found in
Appendix G.

1-A. For every penny that the price of gasoline goes up, the U.S. Postal Service
(USPS) experiences a monthly fuel cost increase of $8 million. State what
assumptions you need to make to answer this question: “How many mail
delivery vehicles does the USPS have in the United States?”
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1-B. Assume that your employer is a manufacturing firm that produces several
different electronic consumer products. What are five nonmonetary factors
(attributes) that may be important when a significant change is considered in
the design of the current bestselling product? (1.2, 1.3)

1.6 Summary

In this chapter, we defined engineering economy and presented the fundamental
concepts in terms of seven basic principles (see pp. 3-6). Experience has shown
that most errors in engineering economic analyses can be traced to some violation
of these principles. We will continue to stress these principles in the chapters that
follow.

The seven-step engineering economic analysis procedure described in this
chapter (see p. 7) has direct ties to the engineering design process. Following this
systematic approach will assist engineers in designing products and systems and
in providing technical services that promote the economic welfare of the company
they work for. This same approach will also help you as an individual make sound
financial decisions in your personal life.

In summary, engineering economy is a collection of problem-solving tools and
techniques that are applied to engineering, business, and environmental issues.
Common, yet often complex, problems involving money are easier to understand
and solve when you have a good grasp on the engineering economy approach to
problem solving and decision making. The problem-solving focus of this text will
enable you to master the theoretical and applied principles of engineering economy.

Problems

The number in parentheses that follows each problem
refers to the section from which the problem is taken.

| J-| 1-1. Stan Moneymaker needs 15 gallons of
1""| gasoline to top off his automobile’s gas tank. If
he drives an extra eight miles (round trip) to a gas
station on the outskirts of town, Stan can save $0.10
per gallon on the price of gasoline. Suppose gasoline
costs $3.90 per gallon and Stan’s car gets 25 mpg for
in-town driving. Should Stan make the trip to get less
expensive gasoline? Each mile that Stan drives creates
one pound of carbon dioxide. Each pound of CO, has
a cost impact of $0.02 on the environment. What other
factors (cost and otherwise) should Stan consider in his
decision making? (1.2)

1-2. The decision was made by NASA to abandon
rocket-launched payloads into orbit around the earth.
We must now rely on the Russians for this capability.
Use the principles of engineering economy to examine
this decision. (1.2)

54-| 1-3. Atypical discounted price of a AAA battery
7] is $0.75. Tt is designed to provide 1.5 volts and
1.0 amps for about an hour. Now we multiply volts and
amps to obtain power of 1.5 watts from the battery. Thus,
it costs $0.75 for 1.5 Watt-hours of energy. How much
would it cost to deliver one kilo Watt-hour? How does
this compare with the cost of energy from your local
electric utility at $0.10 per kilo Watt-hour? (1.2, 1.3)

1-4. Tyler just wrecked his new Nissan, and the acci-
dent was his fault. The owner of the other vehicle got
two estimates for the repairs: one was for $803 and
the other was for $852. Tyler is thinking of keeping
the insurance companies out of the incident to keep
his driving record “clean.” Tyler’s deductible on his
comprehensive coverage insurance is $500, and he
does not want his premium to increase because of the
accident. In this regard, Tyler estimates that his semi-
annual premium will rise by $60 if he files a claim
against his insurance company. In view of the above
information, Tyler’s initial decision is to write a personal
check for $803 payable to the owner of the other vehicle.



Did Tyler make the most economical decision? What
other options should Tyler have explored? In your
answer, be sure to state your assumptions and quantify
your thinking. (1.3)

| 2#<| 1-5. Henry Ford’s Model T was originally
17| designed and built to run on ethanol. Today,
ethanol (190- -proof alcohol) can be produced with
domestic stills for about $0.85 per gallon. When
blended with gasoline costing $4.00 per gallon, a
20% ethanol and 80% gasoline mixture costs $3.37 per
gallon. Assume fuel consumption at 25 mpg and engine
performance in general are not adversely affected with
this 20-80 blend (called E20). (1.3)

a. How much money can be saved for 15,000 miles of
driving per year?

b. How much gasoline per year is being converted if
one million people use the E20 fuel?

1-6. The Russian air force is being called on this year
to intercept storms advancing on Moscow and to seed
them with dry ice and silver iodine particles. The
idea is to make the snow drop on villages in the
countryside instead of piling up in Moscow. The cost of
this initiative will be 180 million rubles, and the savings
in snow removal will be in the neighborhood of 300
million rubles. The exchange rate is 30 rubles per dollar.
Comment on the hidden costs and benefits of such a
plan from the viewpoint of the villagers in terms of
dollars. (1.2)

Y« | 1-7. A large electric utility company has

"\"'| proposed building an $820 million combined
cycle, gas-powered plant to replace the electric
generation capacity at one of its coal-fired facilities.
Develop three other alternatives for replacing this
|electric generation capacity.

1-8. Studies have concluded that a college degree is a
very good investment. Suppose that a college graduate
earns about 75% more money per hour than a high-
school graduate. If the lifetime earnings of a high-school
graduate average $1,200,000, what is the expected value
of earning a college degree? (1.3)

| 2= 1-9. Automobile repair shops typically recomm-
17| end that their customers change their oil and oil
filter every 3,000 miles. Your automobile user’s manual
suggests changing your oil every 5,000-7,000 miles. If
you drive your car 15,000 miles each year and an oil
and filter change costs $30, how much money would
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you save each year if you had this service performed

|every 5,000 miles? (1.3)

' ‘J 1-10. Often it makes a lot of sense to spend some
|'}"'] money now so you can save more money in the
future. Consider filtered water. A high-tech water filter

cost about $60 and can filter 7,200 ounces of water. This
will save you purchasing two 20-ounce bottle of filtered
water every day, each costing $1.15. The filter will need
replacing every 6 months. How much will this filter save
you in a year’s time?

" 2= | 1-11. The manufacturer of Brand A automobile

)| tires claims that its tire can save 110 gallons of
fuel over 55,000 miles of driving, as compared to a
popular competitor (Brand B). If gasoline costs $4.00 per
gallon, how much per mile driven does this tire save the
customer (Brand A versus Brand B)?

| 2« | 1-12. During your first month as an employee at

)

) /| Greenfield Industries (a large drill-bit manufac-

turer), you are asked to evaluate alternatives for
producing a newly designed drill bit on a turning
machine. Your boss’ memorandum to you has
practically no information about what the alternatives
are and what criteria should be used. The same task
was posed to a previous employee who could not
finish the analysis, but she has given you the following
information: An old turning machine valued at $350,000
exists (in the warehouse) that can be modified for the
new drill bit. The in-house technicians have given
an estimate of $40,000 to modify this machine, and
they assure you that they will have the machine ready
before the projected start date (although they have
never done any modifications of this type). It is hoped
that the old turning machine will be able to meet
production requirements at full capacity. An outside
company, McDonald Inc., made the machine seven
years ago and can easily do the same modifications
for $60,000. The cooling system used for this machine
is not environmentally safe and would require some
disposal costs. McDonald Inc. has offered to build a new
turning machine with more environmental safeguards
and higher capacity for a price of $450,000. McDonald
Inc. has promised this machine before the startup date
and is willing to pay any late costs. Your company has
$100,000 set aside for the start-up of the new product
line of drill bits. For this situation,

. Define the problem.

a
b. List key assumptions.

"

List alternatives facing Greenfield Industries.

&

Select a criterion for evaluation of alternatives.



18 CHAPTER 1 / INTRODUCTION TO ENGINEERING ECONOMY

e. Introduce risk into this situation.

f. Discuss how nonmonetary considerations may
impact the selection.

|g. Describe how a postaudit could be performed.

1-13. The Almost-Graduating Senior Problem. Consider
this situation faced by a first-semester senior in civil
engineering who is exhausted from extensive job
interviewing and penniless from excessive partying.
Mary’s impulse is to accept immediately a highly
attractive job offer to work in her brother’s successful
manufacturing company. She would then be able to
relax for a year or two, save some money, and then
return to college to complete her senior year and
graduate. Mary is cautious about this impulsive desire,
because it may lead to no college degree at all!

a. Develop at least two formulations for Mary’s
problem.

b. Identify feasible solutions for each problem
formulation in Part (a). Be creative!

1-14. While studying for the engineering economy final
exam, you and two friends find yourselves craving a
fresh pizza. You can’t spare the time to pick up the pizza
and must have it delivered. “Pick-Up-Sticks” offers a
1-1/4-inch-thick (including toppings), 20-inch square
pizza with your choice of two toppings for $15 plus 5%
sales tax and a $1.50 delivery charge (no sales tax on

Recognition of
a problem to
be solved

Needs definition

delivery charge). “Fred’s” offers the round, deep-dish
Sasquatch, which is 20 inches in diameter. It is 1-3/4
inches thick, includes two toppings, and costs $17.25
plus 5% sales tax and free delivery.

a. What is the problem in this situation? Please state it
in an explicit and precise manner.

b. Systematically apply the seven principles of
engineering economy (pp. 3-6) to the problem you
have defined in Part (a).

¢. Assuming that your common unit of measure is
dollars (i.e., cost), what is the better value for getting
a pizza based on the criterion of minimizing cost per
unit of volume?

d. What other criteria might be used to select which
pizza to purchase?

%4+ 1-15. Storm doors have been installed on 50%
1| of all homes in Anytown, USA. The remaining
50% of homeowners without storm doors think they
may have a problem that a storm door could solve,
but they’re not sure. Use Activities 1, 2, and 3
in the engineering design process (Table 1-1) to help
these homeowners systematically think through the
definition of their need (Activity 1), a formal statement
of their problem (Activity 2), and the generation of
alternatives (Activity 3).

Problem formulation

(preferred alternative)

Possible solutions The
design
. process
Analysis
Specification

Figure P1-15 Figure for Problem 1-15

Completely

Communication specified

solution




The design process begins in Figure P1-15 with a
statement of need and terminates with the specifications
for a means of fulfilling that need.

1-16. Extended Learning Exercise.
Bad news: You have just wrecked your car! You need
another car immediately because you have decided
that walking, riding a bike, and taking a bus are
not acceptable. An automobile wholesaler offers you
$2,000 for your wrecked car “as is.” Also, your
insurance company’s claims adjuster estimates that
there is $2,000 in damages to your car. Because you
have collision insurance with a $1,000 deductibility
provision, the insurance company mails you a check
for $1,000. The odometer reading on your wrecked car
is 58,000 miles.

What should you do? Use the seven-step procedure
from Table 1-1 to analyze your situation. Also, identify
which principles accompany each step.

1-17. “What you do at work is your boss’ business” is
a timely warning for all employees to heed. Last year,
your company installed a new computer surveillance
program in an effort to improve office productivity.
As a courtesy, all employees were informed of this
change. The license for the software costs $30,000
per year. After a year of use, productivity has risen 10%,
which translates into a savings of $30,000. Discuss other
factors, in addition to productivity, that could have been
used to justify the surveillance software.

% 1-18. Owing to the rising cost of copper, in 1982 the
U.S. Mint changed the composition of pennies from 95%
copper (and 5% zinc) to 2.5% copper (and 97.5% zinc) to
save money. Your favorite aunt has a collection of 5,000
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pennies minted before 1982, and she intends on gifting
the collection to you.

a. Whatis the collection’s value based on metal content
alone? Copper sells for $3.50 per pound and zinc for
$1 per pound. It takes approximately 130 pre-1982
pennies to add up to one pound of total weight.

b. If it cost the U.S. Mint $0.017 to produce a penny in
2012, is it time to eliminate pennies and round off all
financial transactions to the nearest 5 cents (nickel)?
As amatter of interest, it cost the government almost
10 cents to produce a nickel in 2012.

1-19. A home mortgage is “under water” when the
amount of money owed on it is much greater than
(say, twice) the market value of the home. Discuss the
economic and ethical issues of walking away from (i.e.,
defaulting on) an underwater loan. Assume you have
$10,000 equity in the home and your monthly payments
are $938. (1.3)

| 2a<| 1-20. A deep-water oil rig has just collapsed

b

) 1" into the Gulf of Mexico. Its blowout-preventer

system has failed, so thousands of barrels of crude
oil each day are gushing into the ocean. List some
alternatives for stopping the unchecked flow of oil into
the Gulf. (1.3)

[ - | 1-21. Energy can be conserved when your home
") '| heating/cooling system works less during the

heating and cooling seasons. In fact a one degree
Fahrenheit difference in your thermostat setting can
reduce energy consumption by up to 5%. Identify the
assumptions necessary to make this statement valid for
heating and cooling a 2,000 square foot home. (1.3)
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The objective of Chapter 2 is to analyze short-term alternatives when the
time value of money is not a factor. We accomplish this with three types of
problems: 1) economic breakeven analysis; 2) cost-driven design
optimization; and 3) present economy studies.

The A380 Superjumbo’s Breakeven Point

hen Europe’s Airbus Company approved the A380 program in 2000,
it was estimated that only 250 of the giant, 555-seat aircraft needed to

be sold to break even. The program was initially based on expected
deliveries of 751 aircraft over its life cycle. Long delays and mounting costs,
however, have dramatically changed the original breakeven figure. In 2005, this
figure was updated to 270 aircraft. According to an article in the Financial Times
(October 20, 2006, p. 18), Airbus would have to sell 420 aircraft to break even—
a 68% increase over the original estimate. To date, only 262 firm orders for the
aircraft have been received. The topic of breakeven analysis is an integral part of
this chapter.



The correct solution to any problem depends primarily on a true
understanding of what the problem really is.

—Arthur M. Wellington (1887)

2.1 Cost Terminology

Vi
SOLUTIONS

There are a variety of costs to be considered in an engineering economic analysis.*
These costs differ in their frequency of occurrence, relative magnitude, and degree
of impact on the study. In this section, we define a number of cost categories and
illustrate how they should be treated in an engineering economic analysis.

2.1.1 Fixed, Variable, and Incremental Costs

Fixed costs are those unaffected by changes in activity level over a feasible range
of operations for the capacity or capability available. Typical fixed costs include
insurance and taxes on facilities, general management and administrative salaries,
license fees, and interest costs on borrowed capital.

Of course, any cost is subject to change, but fixed costs tend to remain constant
over a specific range of operating conditions. When larger changes in usage of
resources occur, or when plant expansion or shutdown is involved, fixed costs can
be affected.

Variable costs are those associated with an operation that varies in total with
the quantity of output or other measures of activity level. For example, the costs
of material and labor used in a product or service are variable costs, because they
vary in total with the number of output units, even though the costs per unit stay
the same.

An incremental cost (or incremental revenue) is the additional cost (or revenue)
that results from increasing the output of a system by one (or more) units.
Incremental cost is often associated with “go-no go” decisions that involve a limited
change in output or activity level. For instance, the incremental cost per mile for
driving an automobile may be $0.49, but this cost depends on considerations such
as total mileage driven during the year (normal operating range), mileage expected
for the next major trip, and the age of the automobile. Also, it is common to read
about the “incremental cost of producing a barrel of 0il” and “incremental cost to
the state for educating a student.” As these examples indicate, the incremental cost
(or revenue) is often quite difficult to determine in practice.

Fixed and Variable Costs

In connection with surfacing a new highway, a contractor has a choice of two sites
on which to set up the asphalt-mixing plant equipment. The contractor estimates
that it will cost $2.75 per cubic yard mile (yd>-mile) to haul the asphalt-paving
material from the mixing plant to the job location. Factors relating to the two
mixing sites are as follows (production costs at each site are the same):

* For the purposes of this book, the words cost and expense are used interchangeably.

21
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Cost Factor Site A Site B
Average hauling distance 4 miles 3 miles
Monthly rental of site $2,000 $7,000
Cost to set up and remove equipment $15,000 $50,000
Hauling expense $2.75/yd3-mile  $2.75/yd3-mile
Flagperson Not required $150/day

The job requires 50,000 cubic yards of mixed-asphalt-paving material. It is
estimated that four months (17 weeks of five working days per week) will be
required for the job. Compare the two sites in terms of their fixed, variable, and
total costs. Assume that the cost of the return trip is negligible. Which is the
better site? For the selected site, how many cubic yards of paving material does
the contractor have to deliver before starting to make a profit if paid $12 per
cubic yard delivered to the job location?

Solution

The fixed and variable costs for this job are indicated in the table shown next. Site
rental, setup, and removal costs (and the cost of the flagperson at Site B) would
be constant for the total job, but the hauling cost would vary in total amount
with the distance and thus with the total output quantity of yd3-miles (x).

Cost Fixed Variable Site A Site B

Rent o = $8,000 = $28,000

Setup/removal N = 15,000 = 50,000

Flagperson N = 0 5(17)($150) = 12,750

Hauling o 4(50,000)($2.75) = 550,000 3(50,000)($2.75) = 412,500
Total:  $573,000 $503,250

Site B, which has the larger fixed costs, has the smaller total cost for the
job. Note that the extra fixed costs of Site B are being “traded off” for reduced
variable costs at this site.

The contractor will begin to make a profit at the point where total revenue
equals total cost as a function of the cubic yards of asphalt pavement mix
delivered. Based on Site B, we have

3($2.75) = $8.25 in variable cost per yd® delivered
Total cost = total revenue
$90,750 + $8.25x = $12x
x = 24,200 yd? delivered.

Therefore, by using Site B, the contractor will begin to make a profit on the
job after delivering 24,200 cubic yards of material.
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2.1.2 Direct, Indirect, and Standard Costs

These frequently encountered cost terms involve most of the cost elements that
also fit into the previous overlapping categories of fixed and variable costs. Direct
costs are costs that can be reasonably measured and allocated to a specific output
or work activity. The labor and material costs directly associated with a product,
service, or construction activity are direct costs. For example, the materials needed
to make a pair of scissors would be a direct cost.

Indirect costs are costs that are difficult to allocate to a specific output or work
activity. Normally, they are costs allocated through a selected formula (such as
proportional to direct labor hours, direct labor dollars, or direct material dollars)
to the outputs or work activities. For example, the costs of common tools, general
supplies, and equipment maintenance in a plant are treated as indirect costs.

Overhead consists of plant operating costs that are not direct labor or direct
material costs. In this book, the terms indirect costs, overhead, and burden are
used interchangeably. Examples of overhead include electricity, general repairs,
property taxes, and supervision. Administrative and selling expenses are usually
added to direct costs and overhead costs to arrive at a unit selling price for a product
or service. (Appendix 2-A provides a more detailed discussion of cost accounting
principles.)

Standard costs are planned costs per unit of output that are established in
advance of actual production or service delivery. They are developed from
anticipated direct labor hours, materials, and overhead categories (with their
established costs per unit). Because total overhead costs are associated with a certain
level of production, this is an important condition that should be remembered when
dealing with standard cost data (for example, see Section 2.4.2). Standard costs play
an important role in cost control and other management functions. Some typical
uses are the following;:

1. Estimating future manufacturing costs

2. Measuring operating performance by comparing actual cost per unit with the
standard unit cost

3. Preparing bids on products or services requested by customers

4. Establishing the value of work in process and finished inventories

2.1.3 Cash Cost versus Book Cost

A cost that involves payment of cash is called a cash cost (and results in a cash flow)
to distinguish it from one that does not involve a cash transaction and is reflected
in the accounting system as a noncash cost. This noncash cost is often referred to as a
book cost. Cash costs are estimated from the perspective established for the analysis
(Principle 3, Section 1.2) and are the future expenses incurred for the alternatives
being analyzed. Book costs are costs that do not involve cash payments but rather
represent the recovery of past expenditures over a fixed period of time. The most
common example of book cost is the depreciation charged for the use of assets such
as plant and equipment. In engineering economic analysis, only those costs that
are cash flows or potential cash flows from the defined perspective for the analysis
need to be considered. Depreciation, for example, is not a cash flow and is important in
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an analysis only because it affects income taxes, which are cash flows. We discuss
the topics of depreciation and income taxes in Chapter 7.

2.1.4 Sunk Cost

A sunk cost is one that has occurred in the past and has no relevance to estimates of
future costs and revenues related to an alternative course of action. Thus, a sunk
cost is common to all alternatives, is not part of the future (prospective) cash flows,
and can be disregarded in an engineering economic analysis. For instance, sunk
costs are nonrefundable cash outlays, such as earnest money on a house or money
spent on a passport.

The concept of sunk cost is illustrated in the next simple example. Suppose
that Joe College finds a motorcycle he likes and pays $40 as a down payment,
which will be applied to the $1,300 purchase price, but which must be forfeited if
he decides not to take the cycle. Over the weekend, Joe finds another motorcycle
he considers equally desirable for a purchase price of $1,230. For the purpose of
deciding which cycle to purchase, the $40 is a sunk cost and thus would not enter
into the decision, except that it lowers the remaining cost of the first cycle. The
decision then is between paying an additional $1,260 ($1,300 — $40) for the first
motorcycle versus $1,230 for the second motorcycle.

In summary, sunk costs are irretrievable consequences of past decisions and
therefore are irrelevant in the analysis and comparison of alternatives that affect the
future. Even though it is sometimes emotionally difficult to do, sunk costs should
be ignored, except possibly to the extent that their existence assists you to anticipate
better what will happen in the future.

m Sunk Costs in Replacement Analysis

A classic example of sunk cost involves the replacement of assets. Suppose that
your firm is considering the replacement of a piece of equipment. It originally
cost $50,000, is presently shown on the company records with a value of $20,000,
and can be sold for an estimated $5,000. For purposes of replacement analysis,
the $50,000 is a sunk cost. However, one view is that the sunk cost should be
considered as the difference between the value shown in the company records
and the present realizable selling price. According to this viewpoint, the sunk
cost is $20,000 minus $5,000, or $15,000. Neither the $50,000 nor the $15,000,
however, should be considered in an engineering economic analysis, except for
the manner in which the $15,000 may affect income taxes, which will be discussed
in Chapter 9.

2.1.5 Opportunity Cost

An opportunity cost is incurred because of the use of limited resources, such that the
opportunity to use those resources to monetary advantage in an alternative use is
foregone. Thus, it is the cost of the best rejected (i.e., foregone) opportunity and is
often hidden or implied.
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Consider a student who could earn $20,000 for working during a year, but
chooses instead to go to school for a year and spend $5,000 to do so. The opportunity
cost of going to school for that year is $25,000: $5,000 cash outlay and $20,000 for
income foregone. (This figure neglects the influence of income taxes and assumes
that the student has no earning capability while in school.)

Opportunity Cost in Replacement Analysis

The concept of an opportunity cost is often encountered in analyzing the
replacement of a piece of equipment or other capital asset. Let us reconsider
Example 2-2, in which your firm considered the replacement of an existing piece
of equipment that originally cost $50,000, is presently shown on the company
records with a value of $20,000, but has a present market value of only $5,000.
For purposes of an engineering economic analysis of whether to replace the
equipment, the present investment in that equipment should be considered as
$5,000, because, by keeping the equipment, the firm is giving up the opportunity
to obtain $5,000 from its disposal. Thus, the $5,000 immediate selling price is
really the investment cost of not replacing the equipment and is based on the
opportunity cost concept.

2.1.6 Life-Cycle Cost

In engineering practice, the term life-cycle cost is often encountered. This term refers
to a summation of all the costs related to a product, structure, system, or service
during its life span. The life cycle is illustrated in Figure 2-1. The life cycle begins
with identification of the economic need or want (the requirement) and ends with
retirement and disposal activities. It is a time horizon that must be defined in
the context of the specific situation—whether it is a highway bridge, a jet engine
for commercial aircraft, or an automated flexible manufacturing cell for a factory.
The end of the life cycle may be projected on a functional or an economic basis.
For example, the amount of time that a structure or piece of equipment is able to
perform economically may be shorter than that permitted by its physical capability.
Changes in the design efficiency of a boiler illustrate this situation. The old boiler
may be able to produce the steam required, but not economically enough for the
intended use.

The life cycle may be divided into two general time periods: the acquisition
phase and the operation phase. As shown in Figure 2-1, each of these phases is
further subdivided into interrelated but different activity periods.

The acquisition phase begins with an analysis of the economic need or want—
the analysis necessary to make explicit the requirement for the product, structure,
system, or service. Then, with the requirement explicitly defined, the other
activities in the acquisition phase can proceed in a logical sequence. The conceptual
design activities translate the defined technical and operational requirements
into a preferred preliminary design. Included in these activities are development
of the feasible alternatives and engineering economic analyses to assist in the
selection of the preferred preliminary design. Also, advanced development and
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prototype-testing activities to support the preliminary design work occur during
this period.

The next group of activities in the acquisition phase involves detailed design
and planning for production or construction. This step is followed by the activities
necessary to prepare, acquire, and make ready for operation the facilities and
other resources needed. Again, engineering economy studies are an essential part of
the design process to analyze and compare alternatives and to assist in determining the
final detailed design.

In the operation phase, the production, delivery, or construction of the end
item(s) or service and their operation or customer use occur. This phase ends with
retirement from active operation or use and, often, disposal of the physical assets
involved. The priorities for engineering economy studies during the operation
phase are (1) achieving efficient and effective support to operations, (2) determining
whether (and when) replacement of assets should occur, and (3) projecting the
timing of retirement and disposal activities.
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Figure 2-1 shows relative cost profiles for the life cycle. The greatest potential
for achieving life-cycle cost savings is early in the acquisition phase. How much of
the life-cycle costs for a product (for example) can be saved is dependent on many
factors. However, effective engineering design and economic analysis during this
phase are critical in maximizing potential savings.

The cumulative committed life-cycle cost curve increases rapidly during the
acquisition phase. In general, approximately 80% of life-cycle costs are “locked
in” at the end of this phase by the decisions made during requirements analysis
and preliminary and detailed design. In contrast, as reflected by the cumulative
life-cycle cost curve, only about 20% of actual costs occur during the acquisition
phase, with about 80% being incurred during the operation phase.

Thus, one purpose of the life-cycle concept is to make explicit the interrelated
effects of costs over the total life span for a product. An objective of the design
process is to minimize the life-cycle cost—while meeting other performance
requirements—by making the right trade-offs between prospective costs during
the acquisition phase and those during the operation phase.

The cost elements of the life cycle that need to be considered will vary with
the situation. Because of their common use, however, several basic life-cycle cost
categories will now be defined.

The investment cost is the capital required for most of the activities in the
acquisition phase. In simple cases, such as acquiring specific equipment, an
investment cost may be incurred as a single expenditure. On a large, complex
construction project, however, a series of expenditures over an extended period
could be incurred. This cost is also called a capital investment.

Operation and maintenance cost (O&M) includes many of the recurring annual
expense items associated with the operation phase of the life cycle. The direct and
indirect costs of operation associated with the five primary resource areas—people,
machines, materials, energy, and information—are a major part of the costs in this
category.

Disposal cost includes those nonrecurring costs of shutting down the operation
and the retirement and disposal of assets at the end of the life cycle. Normally,
costs associated with personnel, materials, transportation, and one-time special
activities can be expected. These costs will be offset in some instances by receipts
from the sale of assets with remaining market value. A classic example of a disposal
cost is that associated with cleaning up a site where a chemical processing plant
had been located.

2.2 The General Economic Environment

There are numerous general economic concepts that must be taken into account in
engineering studies. In broad terms, economics deals with the interactions between
people and wealth, and engineering is concerned with the cost-effective use of
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scientific knowledge to benefit humankind. This section introduces some of these
basic economic concepts and indicates how they may be factors for consideration
in engineering studies and managerial decisions.

2.2.1 Consumer and Producer Goods and Services

The goods and services that are produced and utilized may be divided conveniently
into two classes. Consumer goods and services are those products or services that
are directly used by people to satisfy their wants. Food, clothing, homes, cars,
television sets, haircuts, opera, and medical services are examples. The providers
of consumer goods and services must be aware of, and are subject to, the changing
wants of the people to whom their products are sold.

Producer goods and services are used to produce consumer goods and services or
other producer goods. Machine tools, factory buildings, buses, and farm machinery
are examples. The amount of producer goods needed is determined indirectly by
the amount of consumer goods or services that are demanded by people. However,
because the relationship is much less direct than for consumer goods and services,
the demand for and production of producer goods may greatly precede or lag
behind the demand for the consumer goods that they will produce.

2.2.2 Measures of Economic Worth

Goods and services are produced and desired because they have utility—the
power to satisfy human wants and needs. Thus, they may be used or consumed
directly, or they may be used to produce other goods or services. Utility is most
commonly measured in terms of value, expressed in some medium of exchange
as the price that must be paid to obtain the particular item.

Much of our business activity, including engineering, focuses on increasing
the utility (value) of materials and products by changing their form or location.
Thus, iron ore, worth only a few dollars per ton, significantly increases in value
by being processed, combined with suitable alloying elements, and converted into
razor blades. Similarly, snow, worth almost nothing when found high in distant
mountains, becomes quite valuable when it is delivered in melted form several
hundred miles away to dry southern California.

2.2.3 Necessities, Luxuries, and Price Demand

Goods and services may be divided into two types: necessities and luxuries.
Obviously, these terms are relative, because, for most goods and services, what one
person considers a necessity may be considered a luxury by another. For example,
a person living in one community may find that an automobile is a necessity to get
to and from work. If the same person lived and worked in a different city, adequate
public transportation might be available, and an automobile would be a luxury. For
all goods and services, there is a relationship between the price that must be paid
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Figure 2-2 General P
Price-Demand
Relationship. (Note
that price is considered
to be the independent
variable but is shown
as the vertical axis.
This convention is
commonly used

by economists.)
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Units of Demand

and the quantity that will be demanded or purchased. This general relationship is
depicted in Figure 2-2. As the selling price per unit (p) is increased, there will be
less demand (D) for the product, and as the selling price is decreased, the demand
will increase. The relationship between price and demand can be expressed as the
linear function

p=a—>bD forO<D< —,anda>0,b>0, 2-1)

S

where 7 is the intercept on the price axis and —b is the slope. Thus, b is the amount
by which demand increases for each unit decrease in p. Both 2 and b are constants.
It follows, of course, that

p=" > P w0 (2-2)

2.2.4 Competition

Because economic laws are general statements regarding the interaction of people
and wealth, they are affected by the economic environment in which people and
wealth exist. Most general economic principles are stated for situations in which
perfect competition exists.

Perfect competition occurs in a situation in which any given product is supplied
by a large number of vendors and there is no restriction on additional suppliers
entering the market. Under such conditions, there is assurance of complete freedom
on the part of both buyer and seller. Perfect competition may never occur in actual
practice, because of a multitude of factors that impose some degree of limitation
upon the actions of buyers or sellers, or both. However, with conditions of perfect
competition assumed, it is easier to formulate general economic laws.
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Monopoly is at the opposite pole from perfect competition. A perfect monopoly
exists when a unique product or service is only available from a single supplier
and that vendor can prevent the entry of all others into the market. Under
such conditions, the buyer is at the complete mercy of the supplier in terms
of the availability and price of the product. Perfect monopolies rarely occur in
practice, because (1) few products are so unique that substitutes cannot be used
satisfactorily, and (2) governmental regulations prohibit monopolies if they are
unduly restrictive.

2.2.5 The Total Revenue Function

The total revenue, TR, that will result from a business venture during a given period
is the product of the selling price per unit, p, and the number of units sold, D.
Thus,

TR = price x demand =p - D. (2-3)

If the relationship between price and demand as given in Equation (2-1) is used,
TR = (a — bD)D = aD — bD? forOfoganda>O,b>O. (2-4)

The relationship between total revenue and demand for the condition expressed
in Equation (2-4) may be represented by the curve shown in Figure 2-3. From

calculus, the demand, 15, that will produce maximum total revenue can be obtained

by solving
dTR
=4 -2bD=0. (2-5)
dD
Figure 2-3 Total . PR S S
Revenue Flunction Maximum TR = aD - bD" = 5o~ =75
as a Functionof |
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Thus,*
Aa
2
It must be emphasized that, because of cost-volume relationships (discussed
in the next section), most businesses would not obtain maximum profits by maximizing
revenue. Accordingly, the cost-volume relationship must be considered and related
to revenue, because cost reductions provide a key motivation for many engineering
process improvements.

(2-6)

2.2.6 Cost, Volume, and Breakeven Point Relationships

Fixed costs remain constant over a wide range of activities, but variable costs vary
in total with the volume of output (Section 2.1.1). Thus, at any demand D, total
cost is

Cr =Cr+Cy, (2-7)

where Cr and Cy denote fixed and variable costs, respectively. For the linear
relationship assumed here,

Cy=cy-D, (2-8)

where ¢, is the variable cost per unit. In this section, we consider two scenarios for
finding breakeven points. In the first scenario, demand is a function of price. The
second scenario assumes that price and demand are independent of each other.

Scenario 1 When total revenue, as depicted in Figure 2-3, and total cost, as
given by Equations (2-7) and (2-8), are combined, the typical results as a function
of demand are depicted in Figure 2-4. At breakeven point D, total revenue is equal

Figure 2-4 Combined Total Revenue
Cost and Revenue Functions, . . e Cr
. Maximum Profit ,7
and Breakeven Points, as
Functions of Volume, and
Their Effect on Typical Profit ® Profit |\ Loss
(Scenario 1) E :
> |
S |
K~ |
E ' !
< : Cy |
8 ! I
O | ! ! Cr
| | !
[ | | \
| D"l : D’ : sz
| L D

Volume (Demand)

* To guarantee that D maximizes total revenue, check the second derivative to be sure it is negative:

d2TR
1 —_2p
dD2

Also, recall that in cost-minimization problems, a positively signed second derivative is necessary to guarantee a
minimum-value optimal cost solution.
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to total cost, and an increase in demand will result in a profit for the operation.
Then at optimal demand, D¥ profit is maximized [Equation (2-10)]. At breakeven
point D), total revenue and total cost are again equal, but additional volume will
result in an operating loss instead of a profit. Obviously, the conditions for which
breakeven and maximum profit occur are our primary interest. First, at any volume
(demand), D,

Profit (loss) = total revenue — total costs
= (aD — bD?) — (Cr + ¢,D)

— —bD? 4 (a—cy)D — Cf forOng%anda>0, b>0. (2-9)

In order for a profit to occur, based on Equation (2-9), and to achieve the typical
results depicted in Figure 2-4, two conditions must be met:

1. (a —cy) > 0; that is, the price per unit that will result in no demand has to be
greater than the variable cost per unit. (This avoids negative demand.)

2. Total revenue (TR) must exceed total cost (Cr) for the period involved.

If these conditions are met, we can find the optimal demand at which maximum
profit will occur by taking the first derivative of Equation (2-9) with respect to D
and setting it equal to zero:

d(profit
%:a—cv—ZbD:O.

The optimal value of D that maximizes profit is

a—cy
D* = ; 2-10
T (2-10)

To ensure that we have maximized profit (rather than minimized it), the sign of the
second derivative must be negative. Checking this, we find that

d? (profit)
Tapz -

which will be negative for b > 0 (as specified earlier).

An economic breakeven point for an operation occurs when total revenue
equals total cost. Then for total revenue and total cost, as used in the development
of Equations (2-9) and (2-10) and at any demand D,

Total revenue = total cost (breakeven point)

aD — bD? = Cf + ¢,D

—bD?* + (a — ¢p)D — Cr = 0. (2-11)
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Because Equation (2-11) is a quadratic equation with one unknown (D), we can
solve for the breakeven points D} and Dj (the roots of the equation):*

_ —(a—cy) £ [(a — cp)? — 4(—b)(—Cp)]'/?
B 2(—b) '
With the conditions for a profit satisfied [Equation (2-9)], the quantity in the brackets

of the numerator (the discriminant) in Equation (2-12) will be greater than zero. This
will ensure that D/1 and D/2 have real positive, unequal values.

D’ (2-12)

Optimal Demand When Demand Is a Function of Price

A company produces an electronic timing switch that is used in consumer and
commercial products. The fixed cost (Cr) is $73,000 per month, and the variable
cost (cy) is $83 per unit. The selling price per unit is p = $180 — 0.02(D), based
on Equation (2-1). For this situation,

(a) determine the optimal volume for this product and confirm that a profit
occurs (instead of a loss) at this demand.

(b) find the volumes at which breakeven occurs; that is, what is the range of
profitable demand? Solve by hand and by spreadsheet.

Solution by Hand
—c,  $180 —$83

o a
@ D' === =00
Is (@ — cy) > 0?

= 2,425 units per month [from Equation (2-10)].

($180 — $83) = $97, which is greater than 0.

And is (total revenue — total cost) > 0 for D* = 2,425 units per month?

[$180(2,425) — 0.02(2,425)%] — [$73,000 + $83(2,425)] = $44,612

A demand of D* = 2,425 units per month results in a maximum profit of
$44,612 per month. Notice that the second derivative is negative (—0.04).

(b) Total revenue = total cost (breakeven point)
—bD? + (a—cy)D—Cr=0 [from Equation (2-11)]
—0.02D? 4 ($180 — $83)D — $73,000 = 0

—0.02D? + 97D — 73,000 = 0

—b+ Vb2 —4ac
—y—

* Given the quadratic equation ax? + bx + ¢ = 0, the roots are given by x =
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And, from Equation (2-12),

=97 £[(97)% — 4(—0.02)(—73,000)]*

D/
2(—0.02)
—97 +59.74
D] = %54 = 932 units per month
—97 —59.74
D, = — = 3,918 units per month.

Thus, the range of profitable demand is 932-3,918 units per month.

Spreadsheet Solution

Figure 2-5(a) displays the spreadsheet solution for this problem. This spread-
sheet calculates profit for a range of demand values (shown in column A). For
a specific value of demand, price per unit is calculated in column B by using
Equation (2-1) and Total Revenue is simply demand x price. Total Expense is
computed by using Equations (2-7) and (2-8). Finally, Profit (column E) is then
Total Revenue — Total Expense.

A quick inspection of the Profit column gives us an idea of the optimal
demand value as well as the breakeven points. Note that profit steadily increases
as demand increases to 2,500 units per month and then begins to drop off. This
tells us that the optimal demand value lies in the range of 2,250 to 2,750 units
per month. A more specific value can be obtained by changing the Demand Start
point value in cell E1 and the Demand Increment value in cell E2. For example,
if the value of cell E1 is set to 2,250 and the increment in cell E2 is set to 10,
the optimal demand value is shown to be between 2,420 and 2,430 units per
month.

The breakeven points lie within the ranges 750-1,000 units per month and
3,750—4,000 units per month, as indicated by the change in sign of profit. Again,
by changing the values in cells E1 and E2, we can obtain more exact values of
the breakeven points.

Figure 2-5(b) is a graphical display of the Total Revenue, Total Expense,
and Profit functions for the range of demand values given in column A of
Figure 2-5(a). This graph enables us to see how profit changes as demand
increases. The optimal demand value (maximum point of the profit curve)
appears to be around 2,500 units per month.

Figure 2-5(b) is also a graphical representation of the breakeven points.
By graphing the total revenue and total cost curves separately, we can easily
identify the breakeven points (the intersection of these two functions). From the
graph, the range of profitable demand is approximately 1,000 to 4,000 units per
month. Notice also that, at these demand values, the profit curve crosses the
x-axis ($0).
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(a) Table of profit values for a range of demand values

Figure 2-5 Spreadsheet Solution, Example 2-4

Comment

As seen in the hand solution to this problem, Equations (2-10) and (2-12) can
be used directly to solve for the optimal demand value and breakeven points.
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Figure 2-5 (continued)

The power of the spreadsheet in this example is the ease with which graphical
displays can be generated to support your analysis. Remember, a picture really
can be worth a thousand words. Spreadsheets also facilitate sensitivity analysis
(to be discussed more fully in Chapter 11). For example, what is the impact on
the optimal demand value and breakeven points if variable costs are reduced
by 10% per unit? (The new optimal demand value is increased to 2,632 units per
month, and the range of profitable demand is widened to 822 to 4,443 units per

month.)

| |

I ICUCE

Volume (Demand)
(b) Graphical display of optimal demand and breakeven values

Scenario 2 When the price per unit (p) for a product or service can be
represented more simply as being independent of demand [versus being a linear
function of demand, as assumed in Equation (2-1)] and is greater than the variable
cost per unit (c,), a single breakeven point results. Then, under the assumption that
demand is immediately met, total revenue (TR) = p - D. If the linear relationship
for costs in Equations (2-7) and (2-8) is also used in the model, the typical situation
is depicted in Figure 2-6. This scenario is typified by the Airbus example presented

at the beginning of the chapter.
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Figure 2-6 Typical
Breakeven Chart with Price TR
(p) a Constant (Scenario 2)
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m Breakeven Point When Price Is Independent of Demand

An engineering consulting firm measures its output in a standard service hour
unit, which is a function of the personnel grade levels in the professional staff.

QB The variable cost (cy) is $62 per standard service hour. The charge-out rate
[i.e., selling price (p)] is $85.56 per hour. The maximum output of the firm is
160,000 hours per year, and its fixed cost (Cr) is $2,024,000 per year. For this
firm,

(a) what is the breakeven point in standard service hours and in percentage of
total capacity?

(b) what is the percentage reduction in the breakeven point (sensitivity) if fixed
costs are reduced 10%; if variable cost per hour is reduced 10%; and if the
selling price per unit is increased by 10%?

Solution
(@)
Total revenue = total cost (breakeven point)
pD" = Cf + ¢,D’
C
=", (2-13)
(p —co)
and
$2,024,000
D=—""—_—=285908h
$85.56 — 562) ours per year
85,908
D'=_— = 0.537,
160,000

or 53.7% of capacity.
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(b) A 10% reduction in Cf gives

, 0.9($2,024,000)
T ($85.56 — $62)

= 77,318 hours per year

and
85,908 — 77,318

=0.10,
85,908 010

or a 10% reduction in D'.
A 10% reduction in ¢, gives
_ $2,024,000
"~ [$85.56 — 0.9($62)]

/

= 68,011 hours per year

and
85,908 — 68,011
85,908

= 0.208,

or a 20.8% reduction in D'.
A 10% increase in p gives
. $2,024,000
© [1.1($85.56) — $62]

/

= 63,021 hours per year

and
85,908 — 63,021

85,908 = 0.266,

or a 26.6% reduction in D'.

Thus, the breakeven point is more sensitive to a reduction in variable cost per
hour than to the same percentage reduction in the fixed cost. Furthermore,
notice that the breakeven point in this example is highly sensitive to the selling
price per unit, p.

Market competition often creates pressure to lower the breakeven point of
an operation; the lower the breakeven point, the less likely that a loss will
occur during market fluctuations. Also, if the selling price remains constant
(or increases), a larger profit will be achieved at any level of operation above the
reduced breakeven point.

2.3 Cost-Driven Design Optimization

As discussed in Section 2.1.6, engineers must maintain a life-cycle (i.e., “cradle
to grave”) viewpoint as they design products, processes, and services. Such a
complete perspective ensures that engineers consider initial investment costs,



SECTION 2.3 / CosT-DRIVEN DESIGN OpTIMIZATION 39

operation and maintenance expenses and other annual expenses in later years,
and environmental and social consequences over the life of their designs. In fact, a
movement called Design for the Environment (DFE), or “green engineering,” has
prevention of waste, improved materials selection, and reuse and recycling of
resources among its goals. Designing for energy conservation, for example, is
a subset of green engineering. Another example is the design of an automobile
bumper that can be easily recycled. As you can see, engineering design is an
economically driven art.

Examples of cost minimization through effective design are plentiful in the
practice of engineering. Consider the design of a heat exchanger in which tube
material and configuration affect cost and dissipation of heat. The problems in
this section designated as “cost-driven design optimization” are simple design
models intended to illustrate the importance of cost in the design process. These
problems show the procedure for determining an optimal design, using cost
concepts. We will consider discrete and continuous optimization problems that
involve a single design variable, X. This variable is also called a primary cost driver,
and knowledge of its behavior may allow a designer to account for a large portion
of total cost behavior.

For cost-driven design optimization problems, the two main tasks are
as follows:

1. Determine the optimal value for a certain alternative’s design variable. For
example, what velocity of an aircraft minimizes the total annual costs of owning
and operating the aircraft?

2. Selectthebestalternative, each with its own unique value for the design variable.
For example, what insulation thickness is best for a home in Virginia: R11, R19,
R30, or R38?

In general, the cost models developed in these problems consist of three types of
costs:

1. fixed cost(s)
2. cost(s) that vary directly with the design variable
3. cost(s) that vary indirectly with the design variable

A simplified format of a cost model with one design variable is

b
Cost =aX + X +k, (2-14)

where a is a parameter that represents the directly varying cost(s),
b is a parameter that represents the indirectly varying cost(s),
k is a parameter that represents the fixed cost(s), and
X represents the design variable in question (e.g., weight or velocity).



40 CHAPTER 2 / CosT CONCEPTS AND DESIGN EconoMICS

In a particular problem, the parameters a, b, and k may actually represent the sum
of a group of costs in that category, and the design variable may be raised to some
power for either directly or indirectly varying costs.*

The following steps outline a general approach for optimizing a design with

respect to cost:

1.

Identify the design variable that is the primary cost driver (e.g., pipe diameter
or insulation thickness).

2. Write an expression for the cost model in terms of the design variable.

3. Set the first derivative of the cost model with respect to the continuous

design variable equal to zero. For discrete design variables, compute the value
of the cost model for each discrete value over a selected range of potential
values.

Solve the equation found in Step 3 for the optimum value of the continuous
design variable.”" For discrete design variables, the optimum value has the
minimum cost value found in Step 3. This method is analogous to taking the
first derivative for a continuous design variable and setting it equal to zero to
determine an optimal value.

For continuous design variables, use the second derivative of the cost
model with respect to the design variable to determine whether the
optimum value found in Step 4 corresponds to a global maximum or
minimum.

WETUTFETN How Fast Should the Airplane Fly?

The cost of operating a jet-powered commercial (passenger-carrying) airplane
varies as the three-halves (3/2) power of its velocity; specifically, Co = knv®/?,
where 7 is the trip length in miles, k is a constant of proportionality, and v is
velocity in miles per hour. It is known that at 400 miles per hour, the average
cost of operation is $300 per mile. The company that owns the aircraft wants
to minimize the cost of operation, but that cost must be balanced against
the cost of the passengers’ time (Cc), which has been set at $300,000 per

hour.

(a) Atwhat velocity should the trip be planned to minimize the total cost, which
is the sum of the cost of operating the airplane and the cost of passengers’
time?

(b) How do you know that your answer for the problem in Part (a) minimizes
the total cost?

* A more general model is the following: Cost = k + ax + byx°1 + byx°2 + - - -, where ey = —1 reflects costs that vary
inversely with X, e, = 2 indicates costs that vary as the square of X, and so forth.

 If multiple optima (stationary points) are found in Step 4, finding the global optimum value of the design variable
will require a little more effort. One approach is to systematically use each root in the second derivative equation and
assign each point as a maximum or a minimum based on the sign of the second derivative. A second approach would
be to use each root in the objective function and see which point best satisfies the cost function.
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Solution
(a) The equation for total cost (Cr) is

Cr = Co + Ce = kno®/? + ($300,000 per hour) (g) ,

where n/v has time (hours) as its unit.
Now we solve for the value of k:

Co = kv*/?
n
$3po _ ¢ (400 ™iles 3/2
mile hour
$300/mile
k= miles \ >/
<4OO >
hour
$300/mile
k= miles®?
8000
( hour™” )
hours®/?
k = $0.0375——.
miles®/2
Thus,
hours®/? . miles \ %/? $300,000 7 miles
Cr = ($0.0375m (n miles) (v hour) + ( hour ) iles
hour
_ 3/2 n
Cr = $0.037510>/2 + $300,000 (5) .
Next, the first derivative is taken:
dC 3 300,000
4Cr _ 3 600375012 — 93000001 _ o
do 2 02
So,
300,000
0.056250"/* — —>— =0

(%
0.056250°/2 — 300,000 = 0
B2 300,000
0.05625
v* = (5,333,333)%* = 490.68 mph.

— Sisis 50
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(b) Finally, we check the second derivative to confirm a minimum cost solution:

d2Cr  0.028125 600,000 d2Cr
72 = 172 + 3 for v > 0, and therefore, T > 0.

2
v
The company concludes that v = 490.68 mph minimizes the total cost of this
particular airplane’s flight.

m Energy Savings through Increased Insulation

| 1\,-/1, E This example deals with a discrete optimization problem of determining the most
L) economical amount of attic insulation for a large single-story home in Virginia.
\y In general, the heat lost through the roof of a single-story home is
= Heat loss AT ; Area\ (Conductance in
in Btu = ( erpp()e ra ure) i Btu/hour
in °F ’ —
per hour ft ft2 — °F

or
Q = (Tin - Tout) AU

In southwest Virginia, the number of heating days per year is approximately
230, and the annual heating degree-days equals 230 (65°F—46°F) = 4,370 degree-
days per year. Here, 65°F is assumed to be the average inside temperature and
46°F is the average outside temperature each day.

Consider a 2,400-ft> single-story house in Blacksburg. The typical annual
space-heating load for this size of a house is 100 x 10° Btu. That is, with no
insulation in the attic, we lose about 100 x 10° Btu per year.* Common sense
dictates that the “no insulation” alternative is not attractive and is to be avoided.

With insulation in the attic, the amount of heat lost each year will be reduced.
The value of energy savings that results from adding insulation and reducing
heat loss is dependent on what type of residential heating furnace is installed.
For this example, we assume that an electrical resistance furnace is installed by
the builder, and its efficiency is near 100%.

Now we’re in a position to answer the following question: What amount of
insulation is most economical? An additional piece of data we need involves the
cost of electricity, which is $0.074 per kWh. This can be converted to dollars per
10° Btu as follows (1 kWh = 3,413 Btu):

kWh

3,413 Btu 93 kWh per million Btu

4,370 °F-days per year

*100 x 10° Btu/yr =
Bl ( 1.00 efficiency

U-factor with no insulation.

) (2,400 ft?)(24 hours/day) ( &Z%ﬂ“ ) where 0.397 is the
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293 kWh ($0.074

= $21.75/10° Btu.
106 Btu kWh) SAL Bl B

The cost of several insulation alternatives and associated space-heating loads
for this house are given in the following table (an R-value indicates the resistance
to heat transfer—the higher the number the less the heat transfer):

Amount of Insulation

R11 R19 R30 R38

Investment cost ($) 600 900 1,300 1,600
Annual heating load (Btu/year) 74 x 10° 69.8 x 10° 67.2 x 10° 66.2 x 10°

In view of these data, which amount of attic insulation is most economical?
The life of the insulation is estimated to be 25 years.

Solution
Set up a table to examine total life-cycle costs:

R11 R19 R30 R38
Investment cost $600 $900 $1,300 $1,600
Cost of heat loss per year $1,609.50 $1,518.15 $1,461.60 $1,439.85

Cost of heat loss over 25 years $40,237.50 $37,953.75 $36,540 $35,996.25
Total life cycle costs (A + C) $40,837.50 $38,853.75 $37,840 $37,596.25

90w

Answer: To minimize total life-cycle costs, select R38 insulation.

Caution

This conclusion may change when we consider the time value of money (i.e., an
interest rate greater than zero) in Chapter 4. In such a case, it will not necessarily
be true that adding more and more insulation is the optimal course of action.

2.4 Present Economy Studies

When alternatives for accomplishing a specific task are being compared over one
year or less and the influence of time on money can be ignored, engineering economic
analyses are referred to as present economy studies. Several situations involving
present economy studies are illustrated in this section. The rules, or criteria, shown
next will be used to select the preferred alternative when defect-free output (yield)
is variable or constant among the alternatives being considered.
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RULE 1: When revenues and other economic benefits are present and vary among
alternatives, choose the alternative that maximizes overall profitability based on
the number of defect-free units of a product or service produced.

RULE 2: When revenues and other economic benefits are not present or are constantamong
all alternatives, consider only the costs and select the alternative that minimizes
total cost per defect-free unit of product or service output.

2.4.1 Total Cost in Material Selection

In many cases, economic selection among materials cannot be based solely on the
costs of materials. Frequently, a change in materials will affect the design and
processing costs, and shipping costs may also be altered.

Choosing the Most Economic Material for a Part

}}, A good example of this situation is illustrated by a part for which annual
/o f demand is 100,000 units. The part is produced on a high-speed turret lathe,
[ \ Qe using 1112 screw-machine steel costing $0.30 per pound. A study was conducted
p d,/ to determine whether it might be cheaper to use brass screw stock, costing $1.40

per pound. Because the weight of steel required per piece was 0.0353 pounds
and that of brass was 0.0384 pounds, the material cost per piece was $0.0106
for steel and $0.0538 for brass. However, when the manufacturing engineering
department was consulted, it was found that, although 57.1 defect-free parts
per hour were being produced by using steel, the output would be 102.9 defect-
free parts per hour if brass were used. Which material should be used for this
part?

Solution

The machine attendant is paid $15.00 per hour, and the variable (i.e., traceable)
overhead costs for the turret lathe are estimated to be $10.00 per hour. Thus, the
total cost comparison for the two materials is as follows:

1112 Steel Brass
Material $0.30 x 0.0353 = $0.0106  $1.40 x 0.0384 = $0.0538
Labor $15.00/57.1 = 0.2627 $15.00/102.9 = 0.1458
Variable overhead $10.00/57.1 = 0.1751 $10.00/102.9 = 0.0972
Total cost per piece $0.4484 $0.2968

Saving per piece by use of brass = $0.4484 — $0.2968 = $0.1516
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Because 100,000 parts are made each year, revenues are constant across the
alternatives. Rule 2 would select brass, and its use will produce a savings of
$151.60 per thousand (a total of $15,160 for the year). It is also clear that costs
other than the cost of material (such as labor and overhead) were important in
the study.

45

VIDEC
SOLUTIONS

Care should be taken in making economic selections between materials

to

ensure that any differences in shipping costs, yields, or resulting scrap are taken

into account. Commonly, alternative materials do not come in the same stock siz

es,

such as sheet sizes and bar lengths. This may considerably affect the yield obtained
from a given weight of material. Similarly, the resulting scrap may differ for various

materials.

In addition to deciding what material a product should be made of, there are
often alternative methods or machines that can be used to produce the product,
which, in turn, can impact processing costs. Processing times may vary with the
machine selected, as may the product yield. As illustrated in Example 2-9, these

considerations can have important economic implications.

Choosing the Most Economical Machine for Production

Two currently owned machines are being considered for the production of a part.
The capital investment associated with the machines is about the same and can
be ignored for purposes of this example. The important differences between the
machines are their production capacities (production rate x available production
hours) and their reject rates (percentage of parts produced that cannot be sold).
Consider the following table:

Machine A Machine B
Production rate 100 parts/hour 130 parts/hour
Hours available for production 7 hours/day 6 hours/day
Percent parts rejected 3% 10%

The material cost is $6.00 per part, and all defect-free parts produced can
be sold for $12 each. (Rejected parts have negligible scrap value.) For either
machine, the operator cost is $15.00 per hour and the variable overhead rate for
traceable costs is $5.00 per hour.

(a) Assume that the daily demand for this partis large enough that all defect-free
parts can be sold. Which machine should be selected?

(b) What would the percent of parts rejected have to be for Machine B to be as
profitable as Machine A?
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Solution

(a) Rule 1 applies in this situation because total daily revenues (selling price per
part times the number of parts sold per day) and total daily costs will vary
depending on the machine chosen. Therefore, we should select the machine
that will maximize the profit per day:

Profit per day = Revenue per day — Cost per day
= (Production rate) (Production hours)($12/part)
x [1 — (%rejected /100)]
— (Production rate) (Production hours)($6/part)
— (Production hours)($15/hour + $5/hour).

Machine A: Profit per day = <10§fjrrts) (7 2(;1;5) (ssft) (1-0.03)

(100 parts (7 hours) $6
hour day part

_<7hours) ($15 N $5 )
day hour = hour

= $3,808 per day.
13 t h 12
Machine B: Profit per day = ( ﬁo}frr S) (6 dzurs) (sart> (1 -0.10)
y

3 (130 parts) (6 hours) ( $6 )
hour day part

_ (6 hours $15 n $5 >
day hour = hour

= $3,624 per day.

Therefore, select Machine A to maximize profit per day.

(b) To find the breakeven percent of parts rejected, X, for Machine B, set the
profit per day of Machine A equal to the profit per day of Machine B, and
solve for X:

_ (130 parts\ (6 hours $12 130 parts
$3,808/day = ( hour ) ( day ) (part) =% ( hour )

5 6 hours $6 B 6 hours $15 n $5
day part day hour = hour /"
Thus, X = 0.08, so the percent of parts rejected for Machine B can be no
higher than 8% for it to be as profitable as Machine A.
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2.4.2 Making versus Purchasing (Outsourcing) Studies*

In the short run, say, one year or less, a company may consider producing an item
in-house even though the item can be purchased (outsourced) from a supplier at a
price lower than the company’s standard production costs. (See Section 2.1.2.) This
could occur if (1) direct, indirect, and overhead costs are incurred regardless of
whether the item is purchased from an outside supplier and (2) the incremental cost
of producing an item in the short run is less than the supplier’s price. Therefore,
the relevant short-run costs of make versus purchase decisions are the incremental
costs incurred and the opportunity costs of the resources involved.

Opportunity costs may become significant when in-house manufacture of
an item causes other production opportunities to be forgone (often because of
insufficient capacity). But in the long run, capital investments in additional
manufacturing plant and capacity are often feasible alternatives to outsourcing.
(Much of this book is concerned with evaluating the economic worthiness of
proposed capital investments.) Because engineering economy often deals with
changes to existing operations, standard costs may not be too useful in make-versus-
purchase studies. In fact, if they are used, standard costs can lead to uneconomical
decisions. Example 2-10 illustrates the correct procedure to follow in performing
make-versus-purchase studies based on incremental costs.

To Produce or Not to Produce?—That Is the Question

A manufacturing plant consists of three departments: A, B, and C. Department A
occupies 100 square meters in one corner of the plant. Product X is one of several
products being produced in Department A. The daily production of Product X
is 576 pieces. The cost accounting records show the following average daily
production costs for Product X:

Direct labor (1 operator working 4 hours per day
at $22.50/hr, including fringe benefits,
plus a part-time foreman at $30 per day) $120.00

Direct material 86.40
Overhead (at $0.82 per square meter of floor area) 82.00
Total cost per day = $288.40

The department foreman has recently learned about an outside company that
sells Product X at $0.35 per piece. Accordingly, the foreman figured a cost per day
of $0.35(576) = $201.60, resulting in a daily savings of $288.40—%$201.60 = $86.80.
Therefore, a proposal was submitted to the plant manager for shutting down
the production line of Product X and buying it from the outside company.

* Much interest has been shown in outsourcing decisions. For example, see P. Chalos, “Costing, Control, and Strategic
Analysis in Outsourcing Decisions,” Journal of Cost Management, 8, no. 4 (Winter 1995): pp. 31-37.
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However, after examining each component separately, the plant manager
decided not to accept the foreman’s proposal based on the unit cost of
Product X:

1. Direct labor: Because the foreman was supervising the manufacture of other
products in Department A in addition to Product X, the only possible savings
in labor would occur if the operator working 4 hours per day on Product X
were not reassigned after this line is shut down. That is, a maximum savings
of $90.00 per day would result.

2. Materials: The maximum savings on direct material will be $86.40. However,
this figure could be lower if some of the material for Product X is obtained
from scrap of another product.

3. Overhead: Because other products are made in Department A, no reductionin
total floor space requirements will probably occur. Therefore, no reduction in
overhead costs will result from discontinuing Product X. It has been estimated
that there will be daily savings in the variable overhead costs traceable to
Product X of about $3.00 due to a reduction in power costs and in insurance
premiums.

Solution

If the manufacture of Product X is discontinued, the firm will save at most
$90.00 in direct labor, $86.40 in direct materials, and $3.00 in variable overhead
costs, which totals $179.40 per day. This estimate of actual cost savings per
day is less than the potential savings indicated by the cost accounting records
($288.40 per day), and it would not exceed the $201.60 to be paid to the outside
company if Product X is purchased. For this reason, the plant manager used
Rule 2 and rejected the proposal of the foreman and continued the manufacture
of Product X.

In conclusion, Example 2-10 shows how an erroneous decision might be
made by using the unit cost of Product X from the cost accounting records
without detailed analysis. The fixed cost portion of Product X’s unit cost, which
is present even if the manufacture of Product X is discontinued, was not properly
accounted for in the original analysis by the foreman.

2.4.3 Trade-Offs in Energy Efficiency Studies

Energy efficiency affects the annual expense of operating an electrical device such
as a pump or motor. Typically, a more energy-efficient device requires a higher
capital investment than does a less energy-efficient device, but the extra capital
investment usually produces annual savings in electrical power expenses relative
to a second pump or motor that is less energy efficient. This important trade-
off between capital investment and annual electric power consumption will be
considered in several chapters of this book. Hence, the purpose of Section 2.4.3 is
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to explain how the annual expense of operating an electrical device is calculated
and traded off against capital investment cost.

If an electric pump, for example, can deliver a given horsepower (hp) or
kilowatt (kW) rating to an industrial application, the input energy requirement
is determined by dividing the given output by the energy efficiency of the device.
The input requirement in hp or kW is then multiplied by the annual hours that the
device operates and the unit cost of electric power. You can see that the higher the
efficiency of the pump, the lower the annual cost of operating the device is relative
to another less-efficient pump.

m Investing in Electrical Efficiency

5,}, Two pumps capable of delivering 100 hp to an agricultural application are being
/é : f\ evaluated in a present economy study. The selected pump will only be utilized
. \n&%‘/t for one year, and it will have no market value at the end of the year. Pertinent

data are summarized as follows:

ABC Pump XYZ Pump

Purchase price $2,900 $6,200
Maintenance cost $170 $510
Efficiency 80% 90%
VIDEC
SOLUTIONS

If electric power costs $0.10 per kWh and the pump will be operated 4,000
hours per year, which pump should be chosen? Recall that 1 hp = 0.746 kW.

Solution
The expense of electric power for the ABC pump is

(100 hp/0.80)(0.746 kW /hp)($0.10/kWh) (4,000 hours/yr) = $37,300.
For the XYZ Pump, the expense of electric power is
(100 hp/0.90)(0.746 kW /hp)($0.10/kWh) (4,000 hours/yr) = $33,156.

Thus, the total cost of owning and operating the ABC pump is $40,370,
while the total cost of owning and operating the XYZ pump for one year is
$39,866. Consequently, the more energy-efficient XYZ pump should be selected
to minimize total cost. Notice the difference in energy expense ($4,144) that
results from a 90% efficient pump relative to an 80% efficient pump. This cost
reduction more than balances the extra $3,300 in capital investment and $340 in
maintenance required for the XYZ pump.

2.5 CASE STUDY—The Economics of Daytime Running Lights

The use of Daytime Running Lights (DRLs) has increased in popularity with car
designers throughout the world. In some countries, motorists are required to drive
with their headlights on at all times. U.S. car manufacturers now offer models
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equipped with daytime running lights. Most people would agree that driving with
the headlights on at night is cost effective with respect to extra fuel consumption and
safety considerations (not to mention required by law!). Cost effective means that
benefits outweigh (exceed) the costs. However, some consumers have questioned
whether it is cost effective to drive with your headlights on during the day.

Inan attempt to provide an answer to this question, let us consider the following
suggested data:

75% of driving takes place during the daytime.

2% of fuel consumption is due to accessories (radio, headlights, etc.).
Cost of fuel = $4.00 per gallon.

Average distance traveled per year = 15,000 miles.

Average cost of an accident = $2,800.

Purchase price of headlights = $25.00 per set (2 headlights).
Average time car is in operation per year = 350 hours.

Average life of a headlight = 200 operating hours.

Average fuel consumption = 1 gallon per 30 miles.

Let’s analyze the cost effectiveness of driving with headlights on during the
day by considering the following set of questions:

What are the extra costs associated with driving with headlights on during
the day?

What are the benefits associated with driving with headlights on during the day?

What additional assumptions (if any) are needed to complete the analysis?

e Is it cost effective to drive with headlights on during the day?

Solution

After some reflection on the above questions, you could reasonably contend that
the extra costs of driving with headlights on during the day include increased
fuel consumption and more frequent headlight replacement. Headlights increase
visibility to other drivers on the road. Another possible benefit is the reduced chance
of an accident.

Additional assumptions needed to consider during our analysis of the situation
include:

1. the percentage of fuel consumption due to headlights alone and
2. how many accidents can be avoided per unit time.

Selecting the dollar as our common unit of measure, we can compute the extra
cost associated with daytime use of headlights and compare it to the expected
benefit (also measured in dollars). As previously determined, the extra costs
include increased fuel consumption and more frequent headlight replacement.
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Let’s develop an estimate of the annual fuel cost:
Annual fuel cost = (15,000 mi/yr)(1 gal/30 mi)($4.00/gal) = $2,000/yr.

Assume (worst case) that 2% of fuel consumption is due to normal (night-time) use
of headlights.

Fuel cost due to normal use of headlights = ($2,000/yr)(0.02) = $40/yr.
Fuel cost due to continuous use of headlights = (4)($40/yr) = $160/yr.

350 hours/yr $25
e~ — ) =510.94/yr.
200 hours/set) ( ) $10.94/yr

set
350 hours/yr ) ($25

—_— — | = $43.75/yr.
200 hours/set set) ¥ /yr

Headlight cost for normal use = (0.25) (

Headlight cost for continuous use = (

Total cost associated with daytime use = ($160 — $40) + ($43.75 — $10.94)
= $152.81/yr.

If driving with your headlights on during the day results in at least one
accident being avoided during the next ($2,800)/($152.81) = 18.3 years, then the
continuous use of your headlights is cost effective. Although in the short term,
you may be able to contend that the use of DRLs lead to increased fuel and
replacement bulb costs, the benefits of increased personal safety and mitigation of

possible accident costs in the long run more than offset the apparent short-term cost
savings. I |

2.6 Try Your Skills

The number in parentheses that follows each problem refers to the section
from which the problem is taken. Solutions to these problems can be found in
Appendix G.

2-A. A company in the process industry produces a chemical compound that is
sold to manufacturers for use in the production of certain plastic products.
The plant that produces the compound employs approximately 300 people.
Develop a list of six different cost elements that would be fixed and a similar
list of six cost elements that would be variable. (2.1)

2-B. A farmer estimates that if he harvests his soybean crop now, he will obtain
1,000 bushels, which he can sell at $3.00 per bushel. However, he estimates
that this crop will increase by an additional 1,200 bushels of soybeans for
each week he delays harvesting, but the price will drop at a rate of 50 cents
per bushel per week; in addition, it is likely that he will experience spoilage
of approximately 200 bushels per week for each week he delays harvesting.
When should he harvest his crop to obtain the largest net cash return, and
how much will be received for his crop at that time? (2.3)
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2.7 Summary

In this chapter, we have discussed cost terminology and concepts important in
engineering economy. It is important that the meaning and use of various cost
terms and concepts be understood in order to communicate effectively with other
engineering and management personnel. A listing of important abbreviations and
notation, by chapter, is provided in Appendix B.

Several general economic concepts were discussed and illustrated. First, the
ideas of consumer and producer goods and services, measures of economic growth,
and competition were covered. Then, some relationships among costs, price, and
volume (demand) were discussed. Included were the concepts of optimal volume
and breakeven points. Important economic principles of design optimization were
also illustrated in this chapter.

The use of present-economy studies in engineering decision making can
provide satisfactory results and save considerable analysis effort. When an ade-
quate engineering economic analysis can be accomplished by considering the
various monetary consequences that occur in a short time period (usually one

year or less), a present-economy study should be used.

Problems

The number in parentheses that follows each problem
refers to the section from which the problem is taken.

2-1. An experimental composite engine block for an
automobile will trim 20 pounds of weight compared
with a traditional cast iron engine block. It is estimated
that at least $2,500 in life-cycle costs will be saved for
every pound of weight reduction over the engine’s
8-year expected life. Given that the engine’s life is
8 years, what assumptions have been made to arrive
at the $2,500 per pound savings? (2.1)

2-2. Classify each of the following cost items as mostly
fixed or variable: (2.1)

Administrative salaries
Payroll taxes

Raw materials
Direct labor

Depreciation Insurance (building and
Supplies equipment)
Utilities Clerical salaries
Property taxes Sales commissions
Interest on borrowed  Rent

money

' -] 2-3. A group of enterprising engineering stu-

1| dents has developed a process for extracting
combustible methane gas from cow manure (don’t
worry, the exhaust is odorless). With a specially adapted
internal combustion engine, the students claim that
an automobile can be propelled 15 miles per day
from the “cow gas” produced by a single cow. Their

| experimental car can travel 60 miles per day for an esti-

mated cost of $5 (this is the allocated cost of the methane
process equipment—the cow manure is essentially
free). (2.1)

a. How many cows would it take to fuel 1,000,000 miles
of annual driving by a fleet of cars? What is the
annual cost?

b. How does your answer to Part (a) compare to a
gasoline-fueled car averaging 30 miles per gallon
when the cost of gasoline is $3.00 per gallon?

| A= | 2-4. A municipal solid-waste site for a city must
1] belocated atSite A or Site B. After sorting, some of

the solid refuse will be transported to an electric power
plant where it will be used as fuel. Data for the hauling
of refuse from each site to the power plant are shown in
Table P2-4.

Table for Problem 2-4

Site A Site B
Average hauling
distance 4 miles 3 miles
Annual rental fee
for solid-waste site  $5,000 $100,000

Hauling cost $1.50/yd3-mile $1.50/yd3-mile




If the power plant will pay $8.00 per cubic yard of
sorted solid waste delivered to the plant, where should
the solid-waste site be located? Use the city’s viewpoint
and assume that 200,000 cubic yards of refuse will be
hauled to the plant for one year only. One site must be
selected. (2.1)

2-5. Stan Moneymaker presently owns a 10-year-old
automobile with low mileage (78,000 miles). The NADA
“blue book” value of the car is $2,500. Unfortunately,
the car’s transmission just failed, and Stan decided to
spend $1,500 to have it repaired. Now, six months later,
Stan has decided to sell the car, and he reasons that
his asking price should be $2,500 + $1,500 = $4,000.
Comment on the wisdom of Stan’s logic. If he receives
an offer for $3,000, should he accept it? Explain your
reasoning. (2.1)

2-6. You have been invited by friends to fly to Germany
for Octoberfest next year. For international travel,
you apply for a passport that costs $97 and is valid
for 10 years. After you receive your passport, your
travel companions decide to cancel the trip because
of “insufficient funds.” You decide to also cancel your
travel plans because traveling alone is no fun. Is your
passport expense a sunk cost or an opportunity cost?
Explain your answer. (2.1)

2-7. Suppose your company has just discovered
$100,000 worth (this is the original manufacturing cost)
of obsolete inventory in an old warehouse. Your boss
asks you to evaluate two options: (1) remachine the
obsolete parts at a cost of $30,000 and then hopefully
resell them for $60,000 or (2) scrap them for $15,000
cash (which is certain) through a secondhand market.
What recommendation would you make to your boss?
Explain your reasoning. (2.1)

2-8. A friend of yours has been thinking about quitting
her regular day job and going into business for herself.
She currently makes $60,000 per year as an employee of
the Ajax Company, and she anticipates no raise for at
least another year. She believes she can make $200,000
as an independent consultant in six-sigma “black belt”
training for large corporations. Her start-up expenses
are expected to be $120,000 over the next year. If she
decides to keep her current job, what is the expected
opportunity cost of this decision? Attempt to balance the
pros and cons of the option that your friend is turning
away from. (2.1)

2-9. Suppose your wealthy aunt has given you a gift
of $25,000. You have come up with three options
for spending (or investing) the money. First, you'd
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like (but do not need) a new car to brighten up
your home and social life. Second, you can invest
the money in a high-tech firm’s common stock. It is
expected to increase in value by 20% per year, but this
option is fairly risky. Third, you can put the money
into a three-year certificate of deposit with a local bank
and earn 6% per year. There is little risk in the third
option. (2.1)

a. If you decide to purchase the new car, what is
the opportunity cost of this choice? Explain your
reasoning.

b. If you invest in the high-tech common stock, what
is the opportunity cost of this choice? Explain your
reasoning.

2-10. In your own words, describe the life-cycle cost
concept. Why is the potential for achieving life-cycle
cost savings greatest in the acquisition phase of the life
cycle? (2.1)

2-11. A large, profitable commercial airline company
flies 737-type aircraft, each with a maximum seating
capacity of 132 passengers. Company literature states
that the economic breakeven point with these aircraft is
62 passengers. (2.2)

a. Draw a conceptual graph to show total revenue and
total costs that this company is experiencing.

b. Identify three types of fixed costs that the airline
should carefully examine to lower its breakeven
point. Explain your reasoning.

c. Identify three types of variable costs that can
possibly be reduced to lower the breakeven point.
Why did you select these cost items?

' o= | 2-12. Alash adjuster keeps pressure constant on

\"'| engine valves, thereby increasing fuel efficiency
in automobile engines. The relationship between price
(p) and monthly demand (D) for lash adjusters made
by the Wicks Company is given by this equation: D =
(2,000 — p)/0.10. What is the demand (D) when total
revenue is maximized? What important data are needed
if maximum profit is desired? (2.2)

2-13. A large company in the communication and
publishing industry has quantified the relationship
between the price of one of its products and the demand
for this product as Price = 150 — 0.01 x Demand for
an annual printing of this particular product. The fixed
costs per year (i.e.,, per printing) = $50,000 and the
variable cost per unit = $40. What is the maximum profit
that can be achieved if the maximum expected demand
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is 6,000 units per year? What is the unit price at this
point of optimal demand? (2.2)

2-14. Alarge wood products company is negotiating a
contract to sell plywood overseas. The fixed cost that can
be allocated to the production of plywood is $800,000
per month. The variable cost per thousand board feet
is $155.50. The price charged will be determined by
p = $600 — (0.5)D per 1,000 board feet. (2.2)

a. For this situation, determine the optimal monthly
sales volume for this product and calculate the profit
(or loss) at the optimal volume.

b. What is the domain of profitable demand during a
month?

2-15. A company produces and sells a consumer
product and is able to control the demand for the
product by varying the selling price. The approximate
relationship between price and demand is

2,700 5,000

p:$38+ D 7,f0rD>l,

where p is the price per unit in dollars and D is
the demand per month. The company is seeking to
maximize its profit. The fixed cost is $1,000 per month
and the variable cost (cy) is $40 per unit. (2.2)

a. Whatis the number of units that should be produced
and sold each month to maximize profit?

b. Show that your answer to Part (a) maximizes profit.

4| 2 2-16. An electric power plant uses solid waste
4| for fuel in the production of electricity. The

lcost Y in dollars per hour to produce electricity is
Y = 12 4 0.3X 4 0.27X?, where X is in megawatts.
Revenue in dollars per hour from the sale of electricity
is 15X — 0.2X?. Find the value of X that gives maximum
profit. (2.2)

2-17. The annual fixed costs for a plant are $100,000,
and the variable costs are $140,000 at 70% utilization of
available capacity, with net sales of $280,000. What is
the breakeven point in units of production if the selling
price per unit is $407? (2.2)

2-18. The world price of zinc has increased to the point
where “moth balled” zinc mines in east Tennessee have
been reopened because of their potential profitability.
(a) What is the estimated annual profit for a mine
producing 20,000 tons per year (which is at 100%
capacity) when zinc sells for $1.00 per pound? There
are variable costs of $20 million at 100% capacity and
fixed costs of $17 million per year. (b) If production

is only 17,000 tons per year, will the mine be
profitable? (2.2)

2-19. A cell phone company has a fixed cost of
$1,500,000 per month and a variable cost of $20 per
month per subscriber. The company charges $39.95 per
month to its cell phone customers. (2.2)

a. What is the breakeven point for this company?

b. The company currently has 73,000 subscribers and
proposes to raise its monthly fees to $49.95 to
cover add-on features such as text messaging, song
downloads, game playing, and video watching.
What is the new breakeven point if the variable cost
increases to $25 per customer per month?

c. If 10,000 subscribers will drop their service because
of the monthly fee increase in Part (b), will the
company still be profitable?

2-20. A plant operation has fixed costs of $2,000,000
per year, and its output capacity is 100,000 electrical
appliances per year. The variable cost is $40 per unit,
and the product sells for $90 per unit.

a. Construct the economic breakeven chart.

b. Compare annual profit when the plant is operating
at 90% of capacity with the plant operation at 100%
capacity. Assume that the first 90% of capacity
outputis sold at $90 per unit and that the remaining
10% of production is sold at $70 per unit. (2.2)

| e | 2-21. Aregional airline company estimated four

"\ yearsago that each pound of aircraft weight adds
$30 per year to its fuel expense. Now the cost of jet fuel
has doubled from what it was four years ago. A recent
engineering graduate employed by the company has
made a recommendation to reduce fuel consumption of
an aircraft by installing leather seats as part of a “cabin
refurbishment program.” The total reduction in weight
would be approximately 600 pounds per aircraft. If
seats are replaced annually (a worst-case situation),
how much can this airline afford to spend on the cabin
refurbishments? What nonmonetary advantages might
be associated with the refurbishments? Would you
support the engineer’s recommendation? (2.1)

| 2a-] 2-22. Jerry Smith’s residential air conditioning

€M

i | (AC) system has not been able to keep his house
cool enough in 90°F weather. He called his local AC
maintenance person, who discovered a leak in the
evaporator. The cost to recharge the AC unit is $40 for
gas and $45 for labor, but the leak will continue and
perhaps grow worse. The AC person cautioned that this



service would have to be repeated each year unless the
evaporator is replaced. A new evaporator would run
about $800-$850.

Jerry reasons that fixing the leak in the evaporator
on an annual basis is the way to go. “After all, it will
take 10 years of leak repairs to equal the evaporator’s
replacement cost.” Comment on Jerry’s logic. What
would you do? (2.1)

Ys< | 2-23. Ethanol blended with gasoline can be used
)" topowera “flex-fueled” car. One particular blend
that is gaining in popularity is E85, which is 85%
ethanol and 15% gasoline. E85 is 80% cleaner burning
than gasoline alone, and it reduces our dependency on
foreign oil. But a flex-fueled car costs $1,000 more than
a conventional gasoline-fueled car. Additionally, E85
fuel gets 10% less miles per gallon than a conventional
automobile.
Consider a 100% gasoline-fueled car that averages
30 miles per gallon. The E85-fueled car will average
about 27 miles per gallon. If either car will be driven
81,000 miles before being traded in, how much will
the E85 fuel have to cost (per gallon) to make the flex-
fueled car as economically attractive as a conventional
gasoline-fueled car? Gasoline costs $3.89 per gallon.
Work this problem without considering the time value
|of money. (2.1)

2= | 2-24. The fixed cost for a steam line per meter of
|'1Y pipe is $450X + $50 per year. The cost for loss of
'heat from the pipe per meter is $4.8/X1/2 per year. Here,
X represents the thickness of insulation in meters, and
X is a continuous design variable. (2.3)

a. What is the optimum thickness of the insulation?

b. How do you know that your answer in Part (a)
minimizes total cost per year?

c¢. What is the basic trade-off being made in this
problem?

2-25. The fixed costs incurred by a small genetics
research lab are $200,000 per year. Variable costs are 60%
of the annual revenue. If annual revenue is $300,000, the
annual profit (loss) is most nearly (2.2):

(a) $66,000 profit (b) ($66,000) loss
(c) $80,000 profit (d) ($80,000) loss

2-26. The cost of operating a large ship (Cp) varies as
the square of its velocity (v); specifically, Co = knv?,
where 7 is the trip length in miles and k is a constant of
proportionality. It is known that at 12 miles/hour, the
average cost of operation is $100 per mile. The owner of
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the ship wants to minimize the cost of operation, but
it must be balanced against the cost of the perishable
cargo (C¢), which the customer has set at $1,500 per
hour. At what velocity should the trip be planned to
minimize the total cost (C7), which is the sum of the
cost of operating the ship and the cost of perishable
cargo? (2.3)

2-27. Refer to Example 2-7 on pages 42-43. Which
alternative (insulation thickness) would be most
economical if the cost of insulation triples? Show all
your work. (2.3)

2= | 2-28. According to the U.S. Department of the

|| Interior, the amount of energy lost because of

' pobrly insulated homes is equivalent to 2 million barrels

of oil per day. In 2009, this is more oil than the United
States imports from Saudi Arabia each day. If we were to
insulate our homes as determined by Example 2-7, we
could eliminate our oil dependence on Saudi Arabia.
If the cost of electricity increases to $0.15 per kWh and
the cost of insulation quadruples, how much insulation

|should be chosen in Example 2-77 (2.3)

2-29. One component of a system’s life-cycle cost is
the cost of system failure. Failure costs can be reduced
by designing a more reliable system. A simplified
expression for system life-cycle cost, C, can be written
as a function of the system’s failure rate:

_ <

CcC=2
A

+Cr-A-t.
Here, C; = investment cost ($ per hour per failure),
CR = system repair cost,

A = system failure rate

(failures/operating hour),

t = operating hours.

a. Assume that Cj, Cg, and t are constants. Derive an
expression for A, say A*, that optimizes C. (2.3)

b. Does the equation in Part (a) correspond to a
maximum or minimum value of C? Show all work
to support your answer.

¢. What trade-off is being made in this problem?

' L | 2-30. Stan Moneymaker has been shopping for
1| anew car. He is interested in a certain 4-cylinder

sedan that averages 28 miles per gallon. But the sales-
person tried to persuade Stan that the 6-cylinder model
of the same automobile only costs $2,500 more and is
really a “more sporty and responsive” vehicle. Stan is
impressed with the zip of the 6-cylinder car and reasons

{that $2,500 is not too much to pay for the extra power.
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How much extra is Stan really paying if the
6-cylinder car averages 22 miles per gallon? Assume
that Stan will drive either automobile 100,000 miles,
gasoline will average $4.00 per gallon, and maintenance
is roughly the same for both cars. State other assum-
ptions you think are appropriate. (2.4)

2| 2-31. A producer of synthetic motor oil for
)| automobiles and light trucks has made the
following statement: “One quart of Dynolube added to
your next oil change will increase fuel mileage by one
percent. This one-time additive will improve your fuel
mileage over 50,000 miles of driving.” (2.4)

a. Assume the company’s claim is correct. How much
money will be saved by adding one quart of
Dynolube if gasoline costs $4.00 per gallon and
your car averages 20 miles per gallon without the
Dynolube?

b. If a quart of Dynolube sells for $19.95, would you
use this product in your automobile?

[ 3| 2-32. An automobile dealership offers to fill the
“1\"'| four tires of your new car with 100% nitrogen for
a cost of $20. The dealership claims that nitrogen-filled
tires run cooler than those filled with compressed air,
and they advertise that nitrogen extends tire mileage
(life) by 25%. If new tires cost $50 each and are guaran-
teed to get 50,000 miles (filled with air) before they
require replacement, is the dealership’s offer a good
deal? (2.4)

| 24| 2-33. In the design of an automobile radiator, an
)| engineer has a choice of using either a brass—
copper alloy casting or a plastic molding. Either
material provides the same service. However, the brass—
copper alloy casting weighs 25 pounds, compared with
20 pounds for the plastic molding. Every pound of extra
weight in the automobile has been assigned a penalty of
$6 to account for increased fuel consumption during the
life cycle of the car. The brass—copper alloy casting costs
$3.35 per pound, whereas the plastic molding costs $7.40
per pound. Machining costs per casting are $6.00 for the
brass—copper alloy. Which material should the engineer
select, and what is the difference in unit costs? (2.4)

2-34. Rework Example 2-9 for the case where the
capacity of each machine is further reduced by 25%
because of machine failures, materials shortages, and
operator errors. In this situation, 30,000 units of good
(nondefective) product must be manufactured during
the next three months. Assume one shift per day and
five work days per week. (2.4)

a. Can the order be delivered on time?

b. If only one machine (A or B) can be used in Part (a),
which one should it be?

2-35. Two alternative designs are under consideration
for a tapered fastening pin. The fastening pins are sold
for $0.70 each. Either design will serve equally well
and will involve the same material and manufacturing
cost except for the lathe and drill operations. Design A
will require 12 hours of lathe time and 5 hours of drill
time per 1,000 units. Design B will require 7 hours of
lathe time and 8 hours of drill time per 1,000 units. The
variable operating cost of the lathe, including labor, is
$18.60 per hour. The variable operating cost of the drill,
including labor, is $16.90 per hour. Finally, there is a
sunk cost of $5,000 for Design A and $9,000 for Design B
due to obsolete tooling. (2.4)

a. Which design should be adopted if 125,000 units are
sold each year?

b. What is the annual saving over the other design?

2-36. A bicycle component manufacturer produces
hubs for bike wheels. Two processes are possible for
manufacturing, and the parameters of each process are
as follows:

Process 1 Process 2
Production rate 35 parts/hour 15 parts/hour
Daily production time 4 hours/day 7 hours/day

Percent of parts 20% 9%
rejected based on
visual inspection

Assume that the daily demand for hubs allows all
defect-free hubs to be sold. Additionally, tested or
rejected hubs cannot be sold.

Find the process that maximizes profit per day if
each part is made from $4 worth of material and can be
sold for $30. Both processes are fully automated, and
variable overhead cost is charged at the rate of $40 per
hour. (2.4)

| 2<] 2-37. The speed of your automobile has a huge

17| effect on fuel consumption. Traveling at 65 miles
per hour (mph) instead of 55 mph can consume almost
20% more fuel. As a general rule, for every mile per hour
over 55, you lose 2% in fuel economy. For example, if
your automobile gets 30 miles per gallon at 55 mph, the
fuel consumption is 21 miles per gallon at 70 mph.



If you take a 400-mile trip and your average speed
is 80 mph rather than the posted speed limit of 70 mph,
what is the extra cost of fuel if gasoline costs $4.00
per gallon? Your car gets 30 miles per gallon (mpg) at
60 mph. (2.4)

' 2| 2-38. Suppose that four 85-octane gasoline
" \"| pumps and three 89-octane gasoline pumps
provide as much profit at a local convenience store in
five days as three 85-octane pumps and five 89-octane
pumps provide in four days. Which gasoline pump
| produces greater profit for the store? (2.4)

M- | 2-39. Refer to Example 2-11. Would the pump
17| recommendation change if the cost of electricity
was $0.15 per kWh? What if the pumps were only
required for 3,000 operating hours? (2.4)

2-40. A company is analyzing a make-versus-purchase
situation for a component used in several products,
and the engineering department has developed these
data:

Option A: Purchase 10,000 items per year at a fixed
price of $8.50 per item. The cost of placing
the order is negligible according to the
present cost accounting procedure.

Option B: Manufacture 10,000 items per year, using
available capacity in the factory. Cost
estimates are direct materials = $5.00
per item and direct labor = $1.50 per
item. Manufacturing overhead is allocated
at 200% of direct labor (= $3.00 per item).

Based on these data, should the item be purchased or
manufactured? (2.4)

/4= | 2-41. Anational car rental agency asks, “Do you
"7 want to bring back the economy-class car full of
gas or with an empty tank? If we fill up the tank for you,
we'll charge you $3.50 per gallon, which is 50 cents less
than the local price for gasoline.” Which choice should
you make? State your assumptions. (2.4)

2+ | 2-42. One method for developing a mine
1" containing an estimated 100,000 tons of ore will
result in the recovery of 62% of the available ore
deposit and will cost $23 per ton of material removed.
A second method of development will recover only
50% of the ore deposit, but it will cost only $15 per
ton of material removed. Subsequent processing of the
removed ore recovers 300 pounds of metal from each ton
of processed ore and costs $40 per ton of ore processed.
The recovered metal can be sold for $0.80 per pound.
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Which method for developing the mine should be used
if your objective is to maximize total profit from the

|mine? (2.4)

2-43. Ocean water contains 0.9 ounces of gold per ton.
Method A costs $550 per ton of water processed and will
recover 90% of the metal. Method B costs $400 per ton
of water processed and will recover 60% of the metal.
The two methods require the same capital investment
and are capable of producing the same amount of gold
each day. If the extracted gold can be sold for $1,750 per
ounce, which method should be recommended? The
supply of ocean water is essentially unlimited. Hint:
Work this problem on the basis of profit per ounce of
gold extracted. (2.4)

2-44. Which of the following statements are true and
which are false? (all sections)

a. Working capital is a variable cost.

b. The greatest potential for cost savings occurs in the
operation phase of the life cycle.

c. If the capacity of an operation is significantly
changed (e.g., a manufacturing plant), the fixed
costs will also change.

d. A noncash cost is a cash flow.

e. Goods and services have utility because they have
the power to satisfy human wants and needs.

f. The demand for necessities is more inelastic than the
demand for luxuries.

g. Indirect costs can normally be allocated to a specific
output or work activity.

h. Present economy studies are often done when the
time value of money is not a significant factor in the
situation.

i. Overhead costs normally include all costs that are
not direct costs.

j- Optimal volume (demand) occurs when total costs
equal total revenues.

k. Standard costs per unit of output are established in
advance of actual production or service delivery.

L. A related sunk cost will normally affect the
prospective cash flows associated with a situation.

m. The life cycle needs to be defined within the context

of the specific situation.

n. The greatest commitment of costs occurs in the
acquisition phase of the life cycle.

o. High breakeven points in capital intensive indus-
tries are desirable.
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p. The fixed return on borrowed capital (i.e., interest)
is more risky than profits paid to equity investors
(i.e., stockholders) in a firm.

q. There is no D* for this Scenario 1 situation: p =
40 — 0.2D and Ct = $100 + $50D.

r. Most decisions are based on differences that are
perceived to exist among alternatives.

s. A nonrefundable cash outlay (e.g., money spent on
a passport) is an example of an opportunity cost.

[ 34-| % 2-45. A hot water leak in one of the faucets of
1| your apartment can be very wasteful. A
continuous leak of one quart per hour (a “slow” leak) at
155°F causes a loss of 1.75 million Btu per year. Suppose
your water is heated with electricity. (2.3)

a. How many pounds of coal delivered to your electric
utility does this leak equate to if one pound of
coal contains 12,000 Btu and the boiler combustion
process and water distribution system have an
overall efficiency of 30%?

b. If a pound of coal produces 1.83 pounds of CO,
during the combustion process, how much extra
carbon dioxide does the leaky faucet produce in
a year?

2-46. Extended Learning Exercise The student chapter
of the American Society of Mechanical Engineers is
planning a six-day trip to the national conference in
Albany, NY. For transportation, the group will rent a
car from either the State Tech Motor Pool or a local
car dealer. The Motor Pool charges $0.36 per mile, has
no daily fee, and pays for the gas. The local car dealer
charges $30 per day and $0.20 per mile, but the group
must pay for the gas. The car’s fuel rating is 20 miles
per gallon, and the price of gas is estimated to be $2.00
per gallon. (2.2)

Spreadsheet Exercises

a. At what point, in miles, is the cost of both options
equal?

b. The car dealer has offered a special student discount

and will give the students 100 free miles per day.
What is the new breakeven point?

c. Suppose now that the Motor Pool reduces its all-
inclusive rate to $0.34 per mile and that the car dealer
increases the rate to $30 per day and $0.28 per mile. In
this case, the car dealer wants to encourage student
business, so he offers 900 free miles for the entire six-
day trip. He claims that if more than 750 miles are
driven, students will come out ahead with one of his
rental cars. If the students anticipate driving 2,000
miles (total), from whom should they rent a car? Is
the car dealer’s claim entirely correct?

[ ‘; 2-47. Web Exercise Home heating accounts for

\"/| approximately one-third of energy consumption

in a typical U.S. household. Despite soaring prices

of oil, coal, and natural gas, one can make his/her
winter heating bill noninflationary by installing an
ultraconvenient corn burning stove that costs in the
neighborhood of $2,400. That’s right—a small radiant-
heating stove that burns corn and adds practically
nothing to global warming or air pollution can be
obtained through www.magnumfireplace.com. Its
estimated annual savings per household in fuel is $300
in a regular U.S. farming community.

Conduct research on this means of home heating by
accessing the above Web site. Do the annual savings you
determine in your locale for a 2,000-square foot ranch-
style house more than offset the cost of installing and
maintaining a corn-burning stove? What other factors
besides dollars might influence your decision to use
corn for your home heating requirements? Be specific

‘with your suggestions. (2.4)

2-48. Refer to Example 2-4. If your focus was on
reducing expenses, would it be better to reduce the fixed
cost (B1) or variable cost (B2) component? What is the
effect of a = 10% change in both of these factors? (2.2)

B

%« | 2-49. Refer to Example 2-7. If the average inside
LAY temperature of this house in Virginia is increased

from 65°F to 72°F, what is the most economical
insulation amount? Assume that 100,000,000 Btu are
lost with no insulation when the thermostat is set at
65°F. The cost of electricity is now $0.086 per kWh. In
addition, the cost of insulation has increased by 50%.

| Develop a spreadsheet to solve this problem. (2.3)



Case Study Exercises

FE PRACTICE PROBLEMS 59

2-50. What are the key factors in this analysis, and
how would your decision change if the assumed value
of these factors changes? For example, what impact
does rising fuel costs have on this analysis? Or, what
if studies have shown that drivers can expect to avoid
at least one accident every 10 years due to daytime use
of headlights? (2.5)

FE Practice Problems

2-51. Visit your local car dealer (either in person or
online) to determine the cost of the daytime running
lights option. How many accidents (per unit time)
would have to be avoided for this option to be cost
effective? (2.5)

A company has determined that the price and the
monthly demand of one of its products are related by
the equation

D = /(400 — p),

where p is the price per unit in dollars and D is
the monthly demand. The associated fixed costs are
$1,125/month, and the variable costs are $100/unit.
Use this information to answer Problems 2-52 and 2-53.
Select the closest answer. (2.2)

2-52. What is the optimal number of units that should
be produced and sold each month?

(a) 10 units (b) 15 units

(d) 25 units

(c) 20 units

2-53. Which of the following values of D represents the
breakeven point?

(a) 10 units (b) 15 units

(d) 25 units

A manufacturing company leases a building for
$100,000 per year for its manufacturing facilities. In
addition, the machinery in this building is being paid
for in installments of $20,000 per year. Each unit of
the product produced costs $15 in labor and $10 in
materials. The product can be sold for $40. Use this
information to answer Problems 2-54 through 2-56.
Select the closest answer. (2.2)

(c) 20 units

2-54. How many units per year must be sold for the
company to breakeven?

(a) 4,800 (b) 3,000
(d) 6,667 (e) 4,000

(c) 8,000

2-55. 110,000 units per year are sold, what is the annual
profit?

(a) $280,000
(d) —$50,000

(b) $50,000
(e) $30,000

(c) $150,000

2-56. If the selling price is lowered to $35 per unit, how
many units must be sold each year for the company to
earn a profit of $60,000 per year?

(a) 12,000
(d) 18,000

(b) 10,000
(e) 5,143

(c) 16,000

2-57. The fixed costs incurred by a small genetics
research lab are $200,000 per year. Variable costs are
60% of the annual revenue. If annual revenue is
$300,000, the annual profit/loss is most nearly which
answer below? (2.2)

(b) $66,000 loss
(d) $80,000 loss

(a) $66,000 profit
(c) $80,000 profit

2-58. A manufacturer makes 7,900,000 memory chips
per year. Each chip takes 0.4 minutes of direct labor
at the rate of $8 per hour. The overhead costs are
estimated at $11 per direct labor hour. A new process
will reduce the unit production time by 0.01 minutes.
If the overhead cost will be reduced by $5.50 for each
hour by which total direct hours are reduced, what is
the maximum amount you will pay for the new process?
Assume that the new process must pay for itself by the
end of the first year. (2.4)

(a) $25,017
(d) $17,775

(b) $1,066,500
(e) $711,000

(c) $10,533
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Appendix 2-A  Accounting Fundamentals

Accounting is often referred to as the language of business. Engineers should make serious
efforts to learn about a firm’s accounting practice so that they can better communicate with
top management. This section contains an extremely brief and simplified exposition of the
elements of financial accounting in recording and summarizing transactions affecting the
finances of the enterprise. These fundamentals apply to any entity (such as an individual or
a corporation) called here a firm.

2-A.1 The Accounting Equation

All accounting is based on the fundamental accounting equation, which is
Assets = liabilities 4+ owners’ equity, (2-A-1)

where assets are those things of monetary value that the firm possesses, liabilities are those
things of monetary value that the firm owes, and owners’ equity is the worth of what the firm
owes to its stockholders (also referred to as equities, net worth, etc.). For example, typical
accounts in each term of Equation (2-A-1) are as follows:

Asset Accounts = Liability Accounts + Owner’s Equity Accounts

Cash Short-term debt Capital stock

Receivables Payables Retained earnings (income
Inventories Long-term debt retained in the firm)
Equipment

Buildings

Land

The fundamental accounting equation defines the format of the balance sheet, which is
one of the two most common accounting statements and which shows the financial position
of the firm at any given point in time.

Another important, and rather obvious, accounting relationship is

Revenues — expenses = profit (or loss). (2-A-2)

This relationship defines the format of the income statement (also commonly known as a
profit-and-loss statement), which summarizes the revenue and expense results of operations
over a period of time. Equation (2-A-1) can be expanded to take into account profit as defined
in Equation (2-A-2):

Assets = liabilities + (beginning owners’ equity + revenue — expenses). (2-A-3)

Profit is the increase in money value (not to be confused with cash) that results from a
firm’s operations and is available for distribution to stockholders. It therefore represents the
return on owners’ invested capital.

Auseful analogy is that a balance sheet is like a snapshot of the firm at an instant in time,
whereas an income statement is a summarized moving picture of the firm over an interval
of time. It is also useful to note that revenue serves to increase owners’ interests in a firm,
but an expense serves to decrease the owners’ equity amount for a firm.

To illustrate the workings of accounts in reflecting the decisions and actions of a
firm, suppose that an individual decides to undertake an investment opportunity and the
following sequence of events occurs over a period of one year:

1. Organize XYZ firm and invest $3,000 cash as capital.
2. Purchase equipment for a total cost of $2,000 by paying cash.
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3. Borrow $1,500 through a note to the bank.
4. Manufacture year’s supply of inventory through the following:

(a) Pay $1,200 cash for labor.
(b) Incur $400 accounts payable for material.

(c) Recognize the partial loss in value (depreciation) of the equipment amounting to
$500.

5. Sell on credit all goods produced for year, 1,000 units at $3 each. Recognize that the
accounting cost of these goods is $2,100, resulting in an increase in equity (through
profits) of $900.

6. Collect $2,200 of accounts receivable.
7. Pay $300 of accounts payable and $1,000 of bank note.

Asimplified version of the accounting entries recording the same information in a format
that reflects the effects on the fundamental accounting equation (with a “+” denoting an
increase and a “—" denoting a decrease) is shown in Figure 2-A-1. A summary of the results
is shown in Figure 2-A-2.

It should be noted that the profit for a period serves to increase the value of the owners’
equity in the firm by that amount. Also, it is significant that the net cash flow from operation
of $700 (= $2,200 — $1,200 — $300) is not the same as profit. This amount was recognized
in transaction 4(c), in which capital consumption (depreciation) for equipment of $500 was
declared. Depreciation serves to convert part of an asset into an expense, which is then
reflected in a firm’s profits, as seen in Equation (2-A-2). Thus, the profit was $900, or $200
more than the net cash flow. For our purposes, revenue is recognized when it is earned, and
expenses are recognized when they are incurred.

One important and potentially misleading indicator of after-the-fact financial perfor-
mance that can be obtained from Figure 2-A-2 is “annual rate of return.” If the invested
capital is taken to be the owners’ (equity) investment, the annual rate of return at the end of
this particular year is $900/$3,900 = 23%.

Financial statements are usually most meaningful if figures are shown for two or more
years (or other reporting periods such as quarters or months) or for two or more individuals
or firms. Such comparative figures can be used to reflect trends or financial indications
that are useful in enabling investors and management to determine the effectiveness of
investments after they have been made.

2-A.2 Cost Accounting

Cost accounting, or management accounting, is a phase of accounting that is of particular
importance in engineering economic analysis because it is concerned principally with
decision making and control in a firm. Consequently, cost accounting is the source of much
of the cost data needed in making engineering economy studies. Modern cost accounting
may satisfy any or all of the following objectives:

Determination of the actual cost of products or services
Provision of a rational basis for pricing goods or services

Provision of a means for allocating and controlling expenditures

Wb E

Provision of information on which operating decisions may be based and by means of
which operating decisions may be evaluated

Although the basic objectives of cost accounting are simple, the exact determination
of costs usually is not. As a result, some of the procedures used are arbitrary devices that
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XYZ Firm Balance Sheet
as of December 31, 2015

Assets Liabilities and Owners' Equity

Cash $2,200 Bank note $500
Accounts receivable 800 Accounts payable 100
Equipment 1,500 Equity 3,900
Total $4,500 Total $4,500

XYZ Firm Income Statement
for Year Ending December 31, 2015

Cash Flow

Operating revenues (Sales) $3,000 $2,200
Operating costs (Inventory depleted)

Labor $1,200 —1,200

Material 400 —300

Depreciation 500 0

$2,100
Net income (Profits) $900 $700

Figure 2-A-2 Balance Sheet and Income Statement Resulting from Transactions
Shown in Figure 2-A-1

make it possible to obtain reasonably accurate answers for most cases but that may contain
a considerable percentage of error in other cases, particularly with respect to the actual cash
flow involved.

2-A.3 Cost Accounting Example

This relatively simple example involves a job-order system in which costs are assigned to
work by job number. Schematically, this process is illustrated in the following diagram:

Direct materials
\ Jobs Cost \\

Direct labor ~——= (work in ——= — of goods — Total expenses

/ progress) inventory sold /

Administrative expenses

Selling expenses

Finished goods

Factory overhead

Costs are assigned to jobs in the following manner:

1. Raw materials attach to jobs via material requisitions.
2. Direct labor attaches to jobs via direct labor tickets.

3. Overhead cannot be attached to jobs directly but must have an allocation procedure that
relates it to one of the resource factors, such as direct labor, which is already accumulated
by the job.
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Consider how an order for 100 tennis rackets accumulates costs at the Bowling Sporting

Goods Company:
Job #161 100 tennis rackets
Labor rate $7 per hour
Leather 50 yards at $2 per yard
Gut 300 yards at $0.50 per yard
Graphite 180 pounds at $3 per pound
Labor hours for the job 200 hours
Total annual factory overhead costs  $600,000
Total annual direct labor hours 200,000 hours

The three major costs are now attached to the job. Direct labor and material expenses
are straightforward:

Job #161

Direct labor 200 x $7 = $1,400

Direct material leather: 50 x $2 = 100
gut:300 x $0.5 = 150
graphite: 180 x $3 = 540

Prime costs (direct labor + direct materials) $2,190

Notice that this cost is not the total cost. We must somehow find a way to attach (allocate)
factory costs that cannot be directly identified to the job but are nevertheless involved in
producing the 100 rackets. Costs such as the power to run the graphite molding machine, the
depreciation on this machine, the depreciation of the factory building, and the supervisor’s
salary constitute overhead for this company. These overhead costs are part of the cost
structure of the 100 rackets but cannot be directly traced to the job. For instance, do we
really know how much machine obsolescence is attributable to the 100 rackets? Probably
not. Therefore, we must allocate these overhead costs to the 100 rackets by using the overhead
rate determined as follows:
$600,000

head rate = ————— = irect 1 hour.
Overhead rate 200,000 $3 per direct labor hour

This means that $600 ($3 x 200) of the total annual overhead cost of $600,000 would be
allocated to Job #161. Thus, the total cost of Job #161 would be as follows:

Direct labor $1,400
Direct materials 790
Factory overhead 600

$2,790

The cost of manufacturing each racket is thus $27.90. If selling expenses and
administrative expenses are allocated as 40% of the cost of goods sold, the total expense
of a tennis racket becomes 1.4($27.90) = $39.06.
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2-A-1.* Jill Smith opens an apartment-locator business
near a college campus. She is the sole owner of the
proprietorship, which she names Campus Apartment
Locators. During the first month of operations, July
2015, she engages in the following transactions:

a. Smith invests $35,000 of personal funds to start the
business.

b. She purchases on account office supplies costing
$350.

c. Smith pays cash of $30,000 to acquire a lot next to
the campus. She intends to use the land as a future
building site for her business office.

d. Smith locates apartments for clients and receives
cash of $1,900.

e. She pays $100 on the account payable she created in
transaction (b).

f. She pays $2,000 of personal funds for a vacation.

g. She pays cash expenses for office rent, $400, and
utilities, $100.

h. Thebusinesssells office supplies to another business
for its cost of $150.

i. Smith withdraws cash of $1,200 for personal use.
Required

(@) Analyze the preceding transactions in terms of
their effects on the accounting equation of Campus
Apartment Locators. Use Figure 2-A-1 as a guide.

(b) Prepare the income statement and balance sheet of
the business after recording the transactions. Use
Figure 2-A-2 as a guide.

2-A-2." Daniel Peavy owns and operates an
architectural firm called Peavy Design. Table P2-A-2
summarizes the financial position of his business on
April 30, 2015.

During May 2015, the following events occurred:

a. Peavy received $12,000 as a gift and deposited the
cash in the business bank account.

b. He paid off the beginning balance of accounts
payable.

c. He performed services for a client and received cash
of $1,100.

d. He collected cash from a customer on account, $750.
e. Peavy purchased supplies on account, $720.

f. He consulted on the interior design of a major office
building and billed the client for services rendered,
$5,000.

g. He invested personal cash of $1,700 in the business.
h. Herecorded the following business expenses for the
month:
1. Paid office rent, $1,200.
2. Paid advertising, $660.
i. Peavy sold supplies to another interior designer for
$80 cash, which was the cost of the supplies.
j- He withdrew cash of $4,000 for personal use.

Required

(@) Analyze the effects of the preceding transactions on
the accounting equation of Peavy Design. Adapt
the format of Figure 2-A-1.

Data for Problem 2-A-2

Assets = Liabilities + Owner’s Equity
Accounts Accounts Daniel Peavy,
Cash + Receivable + Supplies + Land =  Payable + Capital
Bal. 1,720 3,240 24,100 5,400 23,660

* Adapted from C. T. Horngren, W. T. Harrison Jr., and L. S. Bamber, Accounting, 6th ed. (Upper Saddle River, NJ: Prentice Hall, 2005), p. 23 and

p- 32. Reprinted by permission of the publisher.

* Adapted from C. T. Horngren, G. L. Sundem, and W. O. Stratton, Introduction to Management Accounting, 11th ed. (Upper Saddle River, NJ: Prentice

Hall, 1999), pp. 528-529. Reprinted by permission of the publisher.
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(b) Prepare the income statement of Peavy Design for
the month ended May 31, 2015. List expenses in
decreasing order by amount.

(c) Prepare the balance sheet of Peavy Design at
May 31, 2015.

2-A-3.* Lubbock Engineering Consultants is a firm of
professional civil engineers. It mostly does surveying
jobs for the heavy construction industry throughout
Texas. The firm obtains its jobs by giving fixed-price
quotations, so profitability depends on the ability to
predict the time required for the various subtasks
on the job. (This situation is similar to that in the
auditing profession, where times are budgeted for such
audit steps as reconciling cash and confirming accounts
receivable.)

A client may be served by various professional staff,
who hold positions in the hierarchy from partners to
managers to senior engineers to assistants. In addition,
there are secretaries and other employees.

Lubbock Engineering has the following budget for
2016:

Compensation of professional staff ~ $3,600,000
Other costs 1,449,000
Total budgeted costs $5,049,000

Each professional staff member must submit a
weekly time report, which is used for charging hours
to a client job-order record. The time report has seven

columns, one for each day of the week. Its rows are as
follows:

e Chargeable hours
Client 156
Client 183
Etc.

e Nonchargeable hours
Attending seminar on new equipment
Unassigned time
Etc.

In turn, these time reports are used for charging hours
and costs to the client job-order records. The managing
partner regards these job records as absolutely essential
for measuring the profitability of various jobs and
for providing an “experience base for improving
predictions on future jobs.”

a. The firm applies overhead to jobs at a budgeted
percentage of the professional compensation
charged directly to the job (“direct labor”). For
all categories of professional personnel, charge-
able hours average 85% of available hours.
Nonchargeable hours are regarded as additional
overhead. What is the overhead rate as a percentage
of “direct labor,” the chargeable professional
compensation cost?

b. Asenior engineer works 48 weeks per year, 40 hours
per week. His compensation is $60,000. He has
worked on two jobs during the past week, devoting
10 hours to Job #156 and 30 hours to Job #183. How
much cost should be charged to Job #156 because of
his work there?

* Adapted from C. T. Horngren, G. L. Sundem, and W. O. Stratton, Introduction to Management Accounting, 11th ed. (Upper Saddle River, NJ: Prentice

Hall, 1999), pp. 528-529. Reprinted by permission of the publisher.



CHAPTER 3

Cost-Estimation Techniques

The objective of Chapter 3 is to present an assortment of methods
for estimating important factors in an engineering economy study.

The High Cost of Environmental
Cleanup

n December of 1980, Congress enacted the Comprehensive Envi-
ronmental Response, Compensation and Liability Act (CERCLA),
also known as the “Superfund.” This law created broad federal
authority to respond to releases or threatened releases of hazardous substances.
CERCLA provides liability for corporations responsible for closed and abandoned
hazardous waste sites. Regrettably, affected parties soon found that the cost of
neglecting hazardous waste sites was extremely high. But how high?

Prior to 1980, many corporations had not set aside money for cleaning up
behind themselves as their business models evolved and changed. For example,
hazardous chemicals were left behind in tanks and piping, and most of the
facilities had used asbestos for insulation. Transformers contained oil that was
often contaminated with PCBs. As plant and equipment deteriorated, these types
of hazardous substances migrated into the environment and contaminated the
land and the ground water. The cost of cleanup became astronomical.

In addition to the possible impact on human health and the environment,
it is abundantly clear that the cost of doing business must include surveillance,
maintenance, and safe closure of contaminated facilities. In the long run, it saves
money to act early to responsibly comply with CERCLA. In Chapter 3, you will
learn about many techniques that are useful for estimating the costs associated
with environmental cleanup.




3.1

Decisions, both great and small, depend in part on estimates. “Looking down the barrel” need
not be an embarrassment for the engineer if newer techniques, professional staffing, and a
greater awareness are assigned to the engineering cost estimating function.

—Phillip F. Ostwald (1992)

Introduction

68

In Chapter 1, we described the engineering economic analysis procedure in terms
of seven steps. In this chapter, we address Step 3, development of the outcomes
and cash flows for each alternative. Because engineering economy studies deal
with outcomes that extend into the future, estimating the future cash flows for
feasible alternatives is a critical step in the analysis procedure. Often, the most
difficult, expensive, and time-consuming part of an engineering economy study
is the estimation of costs, revenues, useful lives, residual values, and other data
pertaining to the alternatives being analyzed. A decision based on the analysis is
economically sound only to the extent that these cost and revenue estimates are
representative of what subsequently will occur. In this chapter, we introduce the
role of cost estimating in engineering practice. Definitions and examples of important
cost concepts were provided in Chapter 2.

Whenever an engineering economic analysis is performed for a major capital
investment, the cost-estimating effort for that analysis should be an integral part of
a comprehensive planning and design process requiring the active participation of
not only engineering designers but also personnel from marketing, manufacturing,
finance, and top management. Results of cost estimating are used for a variety of
purposes, including the following:

1. Providing information used in setting a selling price for quoting, bidding, or
evaluating contracts

2. Determining whether a proposed product can be made and distributed at a
profit (for simplicity, price = cost + profit)

3. Evaluating how much capital can be justified for process changes or other
improvements

4. Establishing benchmarks for productivity improvement programs

There are two fundamental approaches to cost estimating: the “top-down”
approach and the “bottom-up” approach. The top-down approach basically uses
historical data from similar engineering projects to estimate the costs, revenues, and
other data for the current project by modifying these data for changes in inflation
or deflation, activity level, weight, energy consumption, size, and other factors.
This approach is best used early in the estimating process when alternatives are
still being developed and refined.

The bottom-up approach is a more detailed method of cost estimating. This
method breaks down a project into small, manageable units and estimates their
economic consequences. These smaller unit costs are added together with other
types of costs to obtain an overall cost estimate. This approach usually works best
when the detail concerning the desired output (a product or a service) has been
defined and clarified.
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m Estimating the Cost of a College Degree

A simple example of cost estimating is to forecast the expense of getting a
Bachelor of Science (B.S.) from the university you are attending. In our solution,
we outline the two basic approaches just discussed for estimating these costs.

Solution

A top-down approach would take the published cost of a four-year degree at
the same (or a similar) university and adjust it for inflation and extraordinary
items that an incoming student might encounter, such as fraternity/sorority
membership, scholarships, and tutoring. For example, suppose that the pub-
lished cost of attending your university is $15,750 for the current year. This
figure is anticipated to increase at the rate of 6% per year and includes full-
time tuition and fees, university housing, and a weekly meal plan. Not
included are the costs of books, supplies, and other personal expenses. For
our initial estimate, these “other” expenses are assumed to remain constant at
$5,000 per year.

The total estimated cost for four years can now be computed. We simply
need to adjust the published cost for inflation each year and add in the cost of
“other” expenses.

Tuition, Fees, “Other” Total Estimated
Year Room and Board Expenses Cost for Year
1 $15,750 x 1.06 = $16,695 $5,000 $21,695
2 16,695 x 1.06 = 17,697 5,000 22,697
3 17,697 x 1.06 = 18,759 5,000 23,759
4 18,759 x 1.06 = 19,885 5,000 24,885

Grand Total $93,036

In contrast with the top-down approach, a bottom-up approach to the same
cost estimate would be to first break down anticipated expenses into the typical
categories shown in Figure 3-1 for each of the four years at the university.
Tuition and fees can be estimated fairly accurately in each year, as can books and
supplies. For example, suppose that the average cost of a college textbook is $100.
You can estimate your annual textbook cost by simply multiplying the average
cost per book by the number of courses you plan to take. Assume that you
plan on taking five courses each semester during the first year. Your estimated
textbook costs would be

5 courses
—— ] (2 semesters)
semester

1 book) ($1OO

course book

The other two categories, living expenses and transportation, are probably
more dependent on your lifestyle. For example, whether you own and operate
an automobile and live in a “high-end” apartment off-campus can dramatically
affect the estimated expenses during your college years.

) = $1,000.



70  CHAPTER 3 / CoST-ESTIMATION TECHNIQUES

Sum Over Four Years to Obtain Total Cost
of a B.S. at Your University

2017
2016
2015
r 2014
Tuition and Books and Living .
. Transportation
Fees Supplies Expenses

— Tuition — Books — Rent — Fuel
—— Activities fees — Duplication —— Food —— Maintenance on car
—— Memberships —— Supplies —— Clothing — Insurance
— Medical insurance ~ —— Computer rental — Recreation — Traffic tickets
— Lab fees — Software — Utilities

Figure 3-1 Bottom-Up Approach to Determining the Cost
of a College Education

3.2 An Integrated Approach

An integrated approach to developing the net cash flows for feasible project
alternatives is shown in Figure 3-2. This integrated approach includes three basic
components:

1. Work breakdown structure (WBS) This is a technique for explicitly defining,
at successive levels of detail, the work elements of a project and their
interrelationships (sometimes called a work element structure).

2. Costandrevenue structure (classification) Delineation of the costand revenue
categories and elements is made for estimates of cash flows at each level of the
WBS.

3. Estimating techniques (models) Selected mathematical models are used to
estimate the future costs and revenues during the analysis period.

These three basic components, together with integrating procedural steps, provide
an organized approach for developing the cash flows for the alternatives.
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As shown in Figure 3-2, the integrated approach begins with a description
of the project in terms of a WBS. WBS is used to describe the project and each
alternative’s unique characteristics in terms of design, labor, material requirements,
and so on. Then these variations in design, resource requirements, and other
characteristics are reflected in the estimated future costs and revenues (net cash
flow) for that alternative.

To estimate future costs and revenues for an alternative, the perspective
(viewpoint) of the cash flow must be established and an estimating baseline and
analysis period defined. Normally, cash flows are developed from the owner’s
viewpoint. The net cash flow for an alternative represents what is estimated to
happen to future revenues and costs from the perspective being used. Therefore, the
estimated changes in revenues and costs associated with an alternative have to be
relative to a baseline that is consistently used for all the alternatives being compared.

3.2.1 The Work Breakdown Structure (WBS)

The first basic component in an integrated approach to developing cash flows
is the work breakdown structure (WBS). The WBS is a basic tool in project
management and is a vital aid in an engineering economy study. The WBS serves
as a framework for defining all project work elements and their interrelationships,
collecting and organizing information, developing relevant cost and revenue data,
and integrating project management activities.

Figure 3-3 shows a diagram of a typical four-level WBS. It is developed from
the top (project level) down in successive levels of detail. The project is divided
into its major work elements (Level 2). These major elements are then divided to
develop Level 3, and so on. For example, an automobile (first level of the WBS) can
be divided into second-level components (or work elements) such as the chassis,
drive train, and electrical system. Then each second-level component of the WBS
can be subdivided further into third-level elements. The drive train, for example,
can be subdivided into third-level components such as the engine, differential, and
transmission. This process is continued until the desired detail in the definition
and description of the project or system is achieved.

Different numbering schemes may be used. The objectives of numbering are to
indicate the interrelationships of the work elements in the hierarchy. The scheme
illustrated in Figure 3-3 is an alphanumeric format. Another scheme often used is all
numeric—Level 1: 1-0; Level 2: 1-1, 1-2, 1-3; Level 3: 1-1-1, 1-1-2, 1-2-1, 1-2-2, 1-3-1,
1-3-2; and so on (i.e., similar to the organization of this book). Usually, the level is
equal (except for Level 1) to the number of characters indicating the work element.

Other characteristics of a project WBS are as follows:

1. Both functional (e.g., planning) and physical (e.g., foundation) work elements
are included in it:

(a) Typical functional work elements are logistical support, project
management, marketing, engineering, and systems integration.

(b) Physical work elements are the parts that make up a structure, product,
piece of equipment, or similar item; they require labor, materials, and other
resources to produce or construct.
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Level 1
A—-0
Level 2
[
A-1 A-=2 A—-3
Level 3
1 [ 1 1

A-1-A-1 A-1-B-2

Figure 3-3 The WBS Diagram

2. The content and resource requirements for a work element are the sum of the
activities and resources of related subelements below it.

3. Aproject WBS usually includes recurring (e.g., maintenance) and nonrecurring
(e.g., initial construction) work elements.

m A WBS for a Construction Project

You have been appointed by your company to manage a project involving
construction of a small commercial building with two floors of 15,000 gross
square feet each. The ground floor is planned for small retail shops, and
the second floor is planned for offices. Develop the first three levels of a
representative WBS adequate for all project efforts from the time the decision
was made to proceed with the design and construction of the building until
initial occupancy is completed.

Solution

There would be variations in the WBSs developed by different individuals for a
commercial building. A representative three-level WBS is shown in Figure 3-4.
Level 1 is the total project. At Level 2, the project is divided into seven major
physical work elements and three major functional work elements. Then each
of these major elements is divided into subelements as required (Level 3). The
numbering scheme used in this example is all numeric.



Z-€ 9|dwex3 ul 1afoud Bulp|ing |e12JaWW o)) J0J (S|9A7 934YL) SAM  -£ 2.nbig

[eso Sunnsuo) 1eso1 SOLIOJRAR | Sunysry
€0T-T— €671 8l €971 €61
j10ddng "urwpy Sunewnsy 1500 IS [e2IuY2T, I9)ep JOH S01A9(J
COT-T— 671 — 81— G958 = ¢S T— ¢
so[eg 1ossy/3ursea| usdiso(q 110ddng ‘urwpy Surjoo)/3uneayy AISAT[9( 901AIDS
1-0T-T— 1-6-T — 1-8-1 — 1-9-T — 1-6-T
0T-T 671 81 LT 91 ST
sore L SOIATOS | juowogeuey | areisg swoIsAg | swasAg |1 ¢
1eS “ISUF /YOIy 19lo1g BN [BOTURYDIIN [e911109]
_ [ [ [ [ [
suonIppy [ewadg uorje[nsuy qelS 100[]
S-€1— SCT— S T-1T—
s100(q soouen Uy UOIIBPUNO,/3UI00]
el VT — P11 —
Surjooy SSuIR)/SI[EA SMOPUIA Sunyred/sy[emaprs
Ev T — €T — S €11 — 3
Suryieoys SAemITe)S/3ULIOO] ] Surpig UOT)BARIXH
Ty T — [T Galta] GlN=
Surwery Surery Surwery Surpein) 931§
I-v-T — 1€ 1T — -CT — I-1-T —
1 €1 1 1-1
| | L UuoIepuno, pue C
Jjooy JoLIuf IOLIAIXH J10M, OUS
_ _ _ I
0-1
1alorg Surprmg I
[eroIoWIWIO)) e ——
TIAAT

74



SECTION 3.2 / AN INTEGRATED APPROACH 75

3.2.2 The Cost and Revenue Structure

The second basic component of the integrated approach for developing cash
flows (Figure 3-2) is the cost and revenue structure. This structure is used to
identify and categorize the costs and revenues that need to be included in
the analysis. Detailed data are developed and organized within this structure
for use with the estimating techniques of Section 3.3 to prepare the cash-flow
estimates.

The life-cycle concept and the WBS are important aids in developing the cost
and revenue structure for a project. The life cycle defines a maximum time period
and establishes a range of cost and revenue elements that need to be considered
in developing cash flows. The WBS focuses the analyst’s effort on the specific
functional and physical work elements of a project and on its related costs
and revenues.

Perhaps the most serious source of errors in developing cash flows is overlooking
important categories of costs and revenues. The cost and revenue structure,
prepared in tabular or checklist form, is a good means of preventing such
oversights. Technical familiarity with the project is essential in ensuring the
completeness of the structure, as are using the life-cycle concept and the WBS
in its preparation.

The following is a brief listing of some categories of costs and revenues that
are typically needed in an engineering economy study:

Capital investment (fixed and working)
Labor costs

Material costs

Maintenance costs

Property taxes and insurance
Overhead costs

Disposal costs

Revenues based on sales, etc.

© P NS G RPDNRE

Quality (and scrap) costs

—
(=]

. Market (or salvage) values

3.2.3 Estimating Techniques (Models)

The third basic component of the integrated approach (Figure 3-2) involves
estimating techniques (models). These techniques, together with the detailed cost
and revenue data, are used to develop individual cash-flow estimates and the
overall net cash flow for each alternative.
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The purpose of estimating is to develop cash-flow projections—not to produce
exact data about the future, which is virtually impossible. Neither a preliminary
estimate nor a final estimate is expected to be exact; rather, it should adequately
suit the need at a reasonable cost and is often presented as a range of numbers.

Cost and revenue estimates can be classified according to detail, accuracy, and
their intended use as follows:

1. Order-of-magnitude estimates: used in the planning and initial evaluation stage
of a project.

2. Semidetailed, or budget, estimates: used in the preliminary or conceptual
design stage of a project.

3. Definitive (detailed) estimates: used in the detailed engineering/construction
stage of a project.

Order-of-magnitude estimates are used in selecting the feasible alternatives for the
study. They typically provide accuracy in the range of +30 to 50% and are developed
through semiformal means such as conferences, questionnaires, and generalized
equations applied at Level 1 or 2 of the WBS.

Budget (semidetailed) estimates are compiled to support the preliminary
design effort and decision making during this project period. Their accuracy usually
lies in the range of £15%. These estimates differ in the fineness of cost and revenue
breakdowns and the amount of effort spent on the estimate. Estimating equations
applied at Levels 2 and 3 of the WBS are normally used.

Detailed estimates are used as the basis for bids and to make detailed design
decisions. Their accuracy is +5%. They are made from specifications, drawings,
site surveys, vendor quotations, and in-house historical records and are usually
done at Level 3 and successive levels in the WBS.

Thus, itis apparent that a cost or revenue estimate can vary from a “back of the
envelope” calculation by an expert to a very detailed and accurate prediction of
the future prepared by a project team. The level of detail and accuracy of estimates
should depend on the following:

Time and effort available as justified by the importance of the study
Difficulty of estimating the items in question

Methods or techniques employed

Quualifications of the estimator(s)

SN

Sensitivity of study results to particular factor estimates

As estimates become more detailed, accuracy typically improves, but the cost of
making the estimate increases dramatically. This general relationship is shown
in Figure 3-5 and illustrates the idea that cost and revenue estimates should be
prepared with full recognition of how accurate a particular study requires them
to be.
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Figure 3-5
Accuracy of Cost
and Revenue

i

[
% |
%) Q
S 8 EL
3 £ 21,
Estimates versus = % = 22
the Cost of E& = Sl
Making Them by = 2
32 5 D S
2 = Al 5!
8 3 | |
O 2 | I
&’ | |
< | |
o | |
|
® A | | I |
Levels 25 Levels 50
3-4 12
in WBS in WBS
Accuracy (£%)

3.2.3.1 Sources of Estimating Data The information sources useful in cost
and revenue estimating are too numerous to list completely. The following four
major sources of information are listed roughly in order of importance:

1. Accounting records. Accounting records are a prime source of information
for economic analyses; however, they are often not suitable for direct,
unadjusted use.

A brief discussion of the accounting process and information was given
in Appendix 2-A. In its most basic sense, accounting consists of a series of
procedures for keeping a detailed record of monetary transactions between
established categories of assets. Accounting records are a good source of
historical data but have some limitations when used in making prospective
estimates for engineering economic analyses. Moreover, accounting records
rarely contain direct statements of incremental costs or opportunity costs, both
of which are essential in most engineering economic analyses. Incremental
costs are decision specific for one-of-a-kind investments and are unlikely to
be available from the accounting system.

2. Other sources within the firm. The typical firm has a number of people and
records that may be excellent sources of estimating information. Examples
of functions within firms that keep records useful to economic analyses are
engineering, sales, production, quality, purchasing, and personnel.

3. Sources outside the firm. There are numerous sources outside the firm that
can provide helpful information. The main problem is in determining those
that are most beneficial for particular needs. The following is a listing of some
commonly used outside sources:

(@) Published information. Technical directories, buyer indexes, U.S. government
publications, reference books, and trade journals offer a wealth of infor-
mation. For instance, Standard and Poor’s Industry Surveys gives monthly
information regarding key industries. The Statistical Abstract of the United
States is a remarkably comprehensive source of cost indexes and data. The
Bureau of Labor Statistics publishes many periodicals that are good sources
of labor costs, such as the Monthly Labor Review, Employment and Earnings,
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Current Wage Developments, Handbook of Labor Statistics, and the Chartbook
on Wages, Prices and Productivity.

(b) Personal contacts are excellent potential sources. Vendors, salespeople,
professional acquaintances, customers, banks, government agencies,
chambers of commerce, and even competitors are often willing to furnish
needed information on the basis of a serious and tactful request.

4. Research and development (R&D). If the information is not published and
cannot be obtained by consulting someone, the only alternative may be to
undertake R&D to generate it. Classic examples are developing a pilot plant
and undertaking a test market program.

The Internet can also be a source of cost-estimating data, though you should assure
yourself that the information is from a reputable source. The following Web sites
may be useful to you both professionally and personally.

WWW.EIY.COom Engineering News-Record Construction and labor costs
www.kbb.com Kelley Blue Book Automobile pricing
www.factsonfuel.com American Petroleum Institute Fuel costs

3.2.3.2 How Estimates Are Accomplished Estimates can be prepared in a
number of ways, such as the following examples:

1. A conference of various people who are thought to have good information or
bases for estimating the quantity in question. A special version of this is the
Delphi method, which involves cycles of questioning and feedback in which the
opinions of individual participants are kept anonymous.

2. Comparison with similar situations or designs about which there is more
information and from which estimates for the alternatives under consideration
can be extrapolated. This is sometimes called estimating by analogy. The
comparison method may be used to approximate the cost of a design or product
thatis new. This is done by taking the cost of a more complex design for a similar
item as an upper bound and the cost of a less complex item of similar design
as a lower bound. The resulting approximation may not be very accurate, but
the comparison method does have the virtue of setting bounds that might be
useful for decision making.

3. Using quantitative techniques, which do not always have standardized names.
Some selected techniques, with the names used being generally suggestive of
the approaches, are discussed in the next section.

3.3 Selected Estimating Techniques (Models)

The estimating models discussed in this section are applicable for order-of-
magnitude estimates and for many semidetailed or budget estimates. They are
useful in the initial selection of feasible alternatives for further analysis and in the
conceptual or preliminary design phase of a project. Sometimes, these models can
be used in the detailed design phase of a project.
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3.3.1 Indexes

Costs and prices* vary with time for a number of reasons, including (1) tech-
nological advances, (2) availability of labor and materials, and (3) inflation. An index
is a dimensionless number that indicates how a cost or a price has changed with
time (typically escalated) with respect to a base year. Indexes provide a convenient
means for developing present and future cost and price estimates from historical
data. An estimate of the cost or selling price of an item in year n can be obtained
by multiplying the cost or price of the item at an earlier point in time (year k) by
the ratio of the index value in year n (I,,) to the index value in year k { ;T that is,

Cn =Cx (%) , (3-1)

where k = reference year (e.g., 2000) for which cost or price of item is known;
n = year for which cost or price is to be estimated (1 > k);
Cy = estimated cost or price of item in year n;
Ck = cost or price of item in reference year k.

Equation (3-1) is sometimes referred to as the ratio technique of updating costs and
prices. Use of this technique allows the cost or potential selling price of an item
to be taken from historical data with a specified base year and updated with an
index. This concept can be applied at the lower levels of a WBS to estimate the cost
of equipment, materials, and labor, as well as at the top level of a WBS to estimate
the total project cost of a new facility, bridge, and so on.

Indexing the Cost of a New Boiler

A certain index for the cost of purchasing and installing utility boilers is keyed to
1988, where its baseline value was arbitrarily set at 100. Company XYZ installed
a 50,000-1b/hour boiler for $525,000 in 2000 when the index had a value of 468.
This same company must install another boiler of the same size in 2014. The
index in 2014 is 542. What is the approximate cost of the new boiler?

Solution

In this example, n is 2014 and k is 2000. From Equation (3-1), an approximate
cost of the boiler in 2014 is

Ca014 = $525,000(542/468) = $608,013.

Indexes can be created for a single item or for multiple items. For a single item,
the index value is simply the ratio of the cost of the item in the current year to the
cost of the same item in the reference year, multiplied by the reference year factor

* The terms cost and price are often used together. The cost of a product or service is the total of the resources, direct
and indirect, required to produce it. The price is the value of the good or service in the marketplace. In general, price
is equal to cost plus a profit.

* In this section only, k is used to denote the reference year.
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(typically, 100). A composite index is created by averaging the ratios of selected
item costs in a particular year to the cost of the same items in a reference year.
The developer of an index can assign different weights to the items in the index
according to their contribution to total cost. For example, a general weighted index
is given by

- W1(Cn1/Ci1) + Wo(Ci2/Ci2) + - - - + Wm(Cum /Cim) y

I, = I, (32
" Wi+ Wy + - - +Wn g (

where M = total number of items in the index (1 < m < M);
Cyum = unit cost (or price) of the mth item in year n;
Cim = unit cost (or price) of the mth item in year k;
W, = weight assigned to the mth item;

I = composite index value in year k.

The weights Wy, Wy, ..., Wy can sum to any positive number, but typically sum
to 1.00 or 100. Almost any combination of labor, material, products, services, and
so on can be used for a composite cost or price index.

VYIDEOQ
SOLUTIGNS

Weighted Index for Gasoline Cost

Based on the following data, develop a weighted index for the price of a gallon
of gasoline in 2014, when 1996 is the reference year having an index value
of 99.2. The weight placed on regular unleaded gasoline is three times that of
either premium or unleaded plus, because roughly three times as much regular
unleaded is sold compared with premium or unleaded plus.

Price (Cents/Gal) in Year
1996 2010 2014

Premium 114 240 315
Unleaded plus 103 230 305
Regular unleaded 93 221 285

Solution
In this example, k is 1996 and 7 is 2014. From Equation (3-2), the value of D014 is
(1)(315/114) + (1)(305/103) + (3)(285/93)
1+1+3

Now;, if the index in 2016, for example, is estimated to be 327, it is a simple matter
to determine the corresponding 2016 prices of gasoline from Irg14 = 296:

x 99.2 = 296.

. 327
Premium: 315 cents/gal (%> = 348 cents/gal,
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327
Unleaded plus: 305 cents/gal <%) = 337 cents/gal,

27
Regular unleaded: 285 cents/gal (%) = 315 cents/gal.

Many indexes are periodically published, including the Engineering News
Record Construction Index (www.enr.com), which incorporates labor and material
costs and the Marshall and Swift cost index.

3.3.2 Unit Technique

The unit technique involves using a per unit factor that can be estimated effectively.
Examples are as follows:

Capital cost of plant per kilowatt of capacity
Revenue per mile

Capital cost per installed telephone

Revenue per customer served

Temperature loss per 1,000 feet of steam pipe
Operating cost per mile

NS @R N

Construction cost per square foot

Such factors, when multiplied by the appropriate unit, give a total estimate of cost,
savings, or revenue.

As a simple example of the unit technique, suppose the Air Force’s B-2 aircraft
costs $68,000 per hour to own, operate, and maintain. A certain mission requires
two B-2 aircrafts to fly a total round-trip time of 45 hours. Thus, the total cost of
this mission is (2 planes) (45 hours per mission per plane) ($68,000 per hour) =
$6,120,000 per mission.

While the unit technique is very useful for preliminary estimating purposes,
such average values can be misleading. In general, more detailed methods will
result in greater estimation accuracy.

3.3.3 Factor Technique

The factor technique is an extension of the unit method in which we sum the product
of several quantities or components and add these to any components estimated
directly. That is,

C=Y Ci+ ) fullm, (3-3)
d m
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where C = cost being estimated;
Cy = cost of the selected component d that is estimated directly;
fm = cost per unit of component m;

U, = number of units of component 1.

As a simple example, suppose that we need a slightly refined estimate of the
cost of a house consisting of 2,000 square feet, two porches, and a garage.
Using a unit factor of $85 per square foot, $10,000 per porch, and $8,000 per
garage for the two directly estimated components, we can calculate the total
estimate as

($10,000 x 2) 4 $8,000 + ($85 x 2,000) = $198,000.

The factor technique is particularly useful when the complexity of the
estimating situation does notrequire a WBS, but several different parts areinvolved.
Example 3-5 and the cost-estimating example to be presented in Section 3.5 further
illustrate this technique.

m Analysis of Building Space Cost Estimates

The detailed design of the commercial building described in Example 3-2 affects
the utilization of the gross square feet (and, thus, the net rentable space)
available on each floor. Also, the size and location of the parking lot and the
prime road frontage available along the property may offer some additional
revenue sources. As project manager, analyze the potential revenue impacts of
the following considerations.

The first floor of the building has 15,000 gross square feet of retail
space, and the second floor has the same amount planned for office use.
Based on discussions with the sales staff, develop the following additional
information:

(@) The retail space should be designed for two different uses—60% for a
restaurant operation (utilization = 79%, yearly rent = $23/sq.ft.) and 40%
for a retail clothing store (utilization = 83%, yearly rent = $18/sq.ft.).

(b) There is a high probability that all the office space on the second floor will
be leased to one client (utilization = 89%, yearly rent = $14/sq.t.).

(c) An estimated 20 parking spaces can be rented on a long-term basis to two
existing businesses that adjoin the property. Also, one spot along the road
frontage can be leased to a sign company, for erection of a billboard, without
impairing the primary use of the property.

Solution

Based on this information, you estimate annual project revenue (R) as

3
R=W(r)(12) + T(r2)(12) + Y Sj(u)(dj),
j=1
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where W = number of parking spaces;
T = number of billboards;
r1 = rate per month per parking space = $22;
rp = rate per month per billboard = $65;
j = index of type of building space use;
S; = space (gross square feet) being used for purpose j;
uj = space j utilization factor (% net rentable);
d; = rate per (rentable) square foot per year of building space used
for purpose ;.

Then,
R = [20($22)(12) 4 1($65)(12)] + [9,000(0.79)($23)
+ 6,000(0.83)($18) + 15,000(0.89)($14)]
R = $6,060 + $440,070 = $446,130.

A breakdown of the annual estimated project revenue shows that

1.4% is from miscellaneous revenue sources;
98.6% is from leased building space.

From a detailed design perspective, changes in annual project revenue due
to changes in building space utilization factors can be easily calculated. For
example, an average 1% improvement in the ratio of rentable space to gross

square feet would change the annual revenue (AR) as follows:

3
AR =" Sj(u; +0.01)(d)) — ($446,130 — $6,060)
j=1
= $445,320 — $440,070

= $5,250 per year.

3.4 Parametric Cost Estimating

Parametric cost estimating is the use of historical cost data and statistical techniques
to predict future costs. Statistical techniques are used to develop cost estimating
relationships (CERs) that tie the cost or price of an item (e.g., a product, good,
service, or activity) to one or more independent variables (i.e., cost drivers). Recall
from Chapter 2 that cost drivers are design variables that account for a large
portion of total cost behavior. Table 3-1 lists a variety of items and associated cost
drivers. The unit technique described in the previous section is a simple example
of parametric cost estimating.

Parametric models are used in the early design stages to get an idea of
how much the product (or project) will cost, on the basis of a few physical
attributes (such as weight, volume, and power). The output of the parametric
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Examples of Cost Drivers Used in Parametric Cost

Estimates
Product Cost Driver (Independent Variable)
Construction Floor space, roof surface area, wall surface area
Trucks Empty weight, gross weight, horsepower
Passenger car Curb weight, wheel base, passenger space, horsepower
Turbine engine Maximum thrust, cruise thrust, specific fuel consumption
Reciprocating engine ~ Piston displacement, compression ratio, horsepower
Aircraft Empty weight, speed, wing area
Electrical power plants Kilowatts
Motors Horsepower
Software Number of lines of code

models (an estimated cost) is used to gauge the impact of design decisions on the
total cost.

Various statistical and other mathematical techniques are used to develop
the CERs. For example, simple linear regression and multiple linear regression
models, which are standard statistical methods for estimating the value of
a dependent variable (the unknown quantity) as a function of one or more
independent variables, are often used to develop estimating relationships. This
section describes two commonly used estimating relationships, the power-sizing
technique and the learning curve, followed by an overview of the procedure used
to develop CERs.

3.4.1 Power-Sizing Technique

The power-sizing technique, which is sometimes referred to as an exponential model,
is frequently used for developing capital investment estimates for industrial plants
and equipment. This CER recognizes that cost varies as some power of the change

in capacity or size. That is,
Ca _ (Sa\*
Cg \Sg/) ’

Sa\ %
CA = CB <5_> ’ (3'4)
B

where Ca = cost for plant A (both in $ as of the point in
Cp = cost for plant B } time for which the estimate is
desired);
Sa = size of plant A

Sg = size of plant B } (both in same physical units);

X = cost-capacity factor to reflect economies of scale.*

* This may be calculated or estimated from experience by using statistical techniques. For typical factors, see
W. R. Park, Cost Engineering Analysis (New York: John Wiley & Sons, 1973), p. 137.
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The value of the cost-capacity factor will depend on the type of plant or equipment
being estimated. For example, X = 0.68 for nuclear generating plants and 0.79
for fossil-fuel generating plants. Note that X < 1 indicates decreasing economies
of scale (each additional unit of capacity costs less than the previous unit), X > 1*
indicates increasing economies of scale (each additional unit of capacity costs more
than the previous unit), and X = 1 indicates a linear cost relationship with size.

m Power-Sizing Model for Cost Estimating

Suppose that an aircraft manufacturer desires to make a preliminary estimate of
the cost of building a 600-MW fossil-fuel plant for the assembly of its new long-

solPED distance aircraft. It is known that a 200-MW plant cost $100 million 20 years ago
when the approximate cost index was 400, and that cost index is now 1,200. The
cost-capacity factor for a fossil-fuel power plant is 0.79.

Solution

Before using the power-sizing model to estimate the cost of the 600-MW plant
(Ca), we must first use the cost index information to update the known cost of
the 200-MW plant 20 years ago to a current cost. Using Equation (3-1), we find
that the current cost of a 200-MW plant is

1,200 s
Cp = $100 million = $300 million.
400
So, using Equation (3-4), we obtain the following estimate for the 600-MW plant:
1. (600-MW %7
CA = $3OO mllhon (m)

Ca = $300 million x 2.38 = $714 million.

Note that Equation (3-4) can be used to estimate the cost of a larger plant (as
in Example 3-6) or the cost of a smaller plant. For example, suppose we need to
estimate the cost of building a 100-MW plant. Using Equation (3-4) and the data
for the 200-MW plant in Example 3-6, we find that the current cost of a 100-MW
plant is

200 MW
C4 = $300 million x 0.58 = $174 million.

100 MW %7?
Ca = $300 million ( )

Cost-capacity factors can also have a role in figuring the costs associated with
environmental cleanup. The cost of cleaning up an oil spill in the Gulf of Mexico
is $10 billion when the spilled oil amounts to 18 million gallons. The cleanup cost
is $14 billion when the amount of spilled oil is 32 million gallons. We can use

* Precious gems are an example of increasing economies of scale. For example, a one-carat diamond typically costs
more than four quarter-carat diamonds.
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Equation (3-4) to estimate the value of the cost-capacity factor in this situation.

$10 billion (18 million gallons)X

$14 billion  \ 32 million gallons
log(0.7143) = X 1og(0.5625)
X =0.58

3.4.2 Learning and Improvement

A learning curve is a mathematical model that explains the phenomenon of
increased worker efficiency and improved organizational performance with
repetitive production of a good or service. The learning curve is sometimes
called an experience curve or a manufacturing progress function; fundamentally, it
is an estimating relationship. The learning (improvement) curve effect was first
observed in the aircraft and aerospace industries with respect to labor hours
per unit. However, it applies in many different situations. For example, the
learning curve effect can be used in estimating the professional hours expended
by an engineering staff to accomplish successive detailed designs within a family
of products, as well as in estimating the labor hours required to assemble
automobiles.

The basic concept of learning curves is that some input resources (e.g.,
energy costs, labor hours, material costs, engineering hours) decrease, on a per-
output-unit basis, as the number of units produced increases. Most learning curves
are based on the assumption that a constant percentage reduction occurs in, say,
labor hours, as the number of units produced is doubled. For example, if 100 labor
hours are required to produce the first output unit and a 90% learning curve is
assumed, then 100(0.9) = 90 labor hours would be required to produce the second
unit. Similarly, 100(0.9)2 = 81 labor hours would be needed to produce the fourth
unit, 100(0.9)> = 72.9 hours to produce the eighth unit, and so on. Therefore, a 90%
learning curve results in a 10% reduction in labor hours each time the production
quantity is doubled.

Equation (3-5) can be used to compute resource requirements assuming a
constant percentage reduction in input resources each time the output quantity
is doubled.

Z,=Kw"), (3-5)

where u = the output unit number;
Z, = the number of input resource units needed to produce output unit u;

K = the number of input resource units needed to produce the first
output unit;

s = the learning curve slope parameter expressed as a decimal
(s = 0.9 for a 90% learning curve);
log s

n =
log 2

= the learning curve exponent.
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m Learning Curve for a Formula Car Design Team

The Mechanical Engineering department has a student team that is designing a
formula car for national competition. The time required for the team to assemble
viDEO the first caris 100 hours. Their improvement (or learning rate) is 0.8, which means

ki that as output is doubled, their time to assemble a car is reduced by 20%. Use this

information to determine

(a) the time it will take the team to assemble the 10th car.
(b) the total time required to assemble the first 10 cars.
(c) the estimated cumulative average assembly time for the first 10 cars.

Solve by hand and by spreadsheet.

X  Solution by Hand

(a) From Equation (3-5), and assuming a proportional decrease in assembly time
for output units between doubled quantities, we have

ZlO — 100(10)10g0.8/10g2
=100(10)" %%

= 210% = 47.6 hours.
(b) The total time to produce x units, Ty, is given by
X X X
Ty=) Zy=)» Ku)=K>» u". (3-6)
u=1 u=1 u=1

Using Equation (3-6), we see that

Ty = 100 f: u=0922 = 100[17%%%2 + 270322 4 ... 1+ 107%%2] = 631 hours.
u=1
(¢) The cumulative average time for x units, Cy, is given by
Cy = Ty/x. (3-7)
Using Equation (3-7), we get
C10 = T10/10 = 631/10 = 63.1 hours.

Spreadsheet Solution

Figure 3-6 shows the spreadsheet solution for this example problem. For each
unit number, the unit time to complete the assembly, the cumulative total time,
and the cumulative average time are computed with the use of Equations (3-5),
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= SUM($B$6:B6)
= LOG(B2) / LOG(2)
= $B$1 * A6 * $B$4 = AVERAGE($B$6:B6)

A | | B e B
1 K= 100
2 o 80.0%
3
4 n= _ 0322

: P Cumulative | Cumulative
5 Unit # | Unit Time Total Average
& 1 ! 100.00 ! 100.00] ¢ 10000
i 2 £0.00 180.00 90.00
s 3 70.21] 25021 2340
9 4 £4.00 31421 7855
10 s 59.56| 373.77 | 7475
11 L] 5817 42994 7166
12 T 5345 48239 59 06
12 2 51.20 534.598 6652
14 9 4029 58380 6488
19 10 47 .65 631.54 53.15
16
17
18 120
19 Unit Time
20 — — Cumulative Axerage
2 100 4
R o
23 E 80
2l o
| o
g : 9
| =
28 E 404
29 5
20
a1 it e e i e e i i e S
a4
33 0 - L L
3 i 1 2 3 4 5 B 7 8 g 10
35 Unit #
a5

Figure 3-6 Spreadsheet Solution, Example 3-7
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(3-6), and (3-7), respectively. Note that these formulas are entered once in row 6
of the spreadsheet and are then simply copied into rows 7 through 15.

A plot of unit time and cumulative average time is easily created with the
spreadsheet software. This spreadsheet model can be used to examine the impact
of a different learning slope parameter (e.g., s = 90%) on predicted car assembly
times by changing the value of cell B2.

3.4.3 Developing a Cost Estimating Relationship (CER)

A CER is a mathematical model that describes the cost of an engineering project
as a function of one or more design variables. CERs are useful tools because they
allow the estimator to develop a cost estimate quickly and easily. Furthermore,
estimates can be made early in the design process before detailed information is
available. As a result, engineers can use CERs to make early design decisions that
are cost effective in addition to meeting technical requirements.

There are four basic steps in developing a CER:

Problem definition
Data collection and normalization
CER equation development

=y

Model validation and documentation

3.4.3.1 Problem Definition The first step in any engineering analysis is to
define the problem to be addressed. A well-defined problem is much easier to
solve. For the purposes of cost estimating, developing a WBS is an excellent way of
describing the elements of the problem. A review of the completed WBS can also
help identify potential cost drivers for the development of CERs.

3.4.3.2 Data Collection and Normalization The collection and normaliza-
tion of data is the most critical step in the development of a CER. We're all familiar
with the adage “garbage in—garbage out.” Without reliable data, the cost estimates
obtained by using the CER would be meaningless. The WBS is also helpful in the
data collection phase. The WBS helps to organize the data and ensure that no
elements are overlooked.

Data can be obtained from both internal and external sources. Costs of similar
projects in the past are one source of data. Published cost information is another
source of data. Once collected, data must be normalized to account for differences
due to inflation, geographical location, labor rates, and so on. For example, cost
indexes or the price inflation techniques to be described in Chapter 8 can be used
to normalize costs that occurred at different times. Consistent definition of the data
is another important part of the normalization process.

3.4.3.3 CER Equation Development The next step in the development of a
CER is to formulate an equation that accurately captures the relationship between
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Typical Equation Forms

Type of Relationship Generalized Equation

Linear Cost = bg + byx1 +byxp +baxg + - --

Power Cost = by + by xl{” le2 + -

Logarithmic Cost = by + by log(x1) + by log(xp) + b3 log(x3) + - -
Exponential Cost = by + by exp?1¥1 + by exp?2¥2 . ..

the selected cost driver(s) and project cost. Table 3-2 lists four general equation
types commonly used in CER development. In these equations, by, b1, by, and b3
are constants, while x1, x2, and x3 represent design variables.

A simple, yet very effective, way to determine an appropriate equation form
for the CERis to plot the data. If a plot of the data on regular graph paper appears to
follow a straight line, then a linear relationship is suggested. If a curve is suggested,
then try plotting the data on semilog or log-log paper. If a straight line results on
semilog paper, then the relationship is logarithmic or exponential. If a straight line
results on log-log paper, then the relationship is a power curve.

Once we have determined the basic equation form for the CER, the next step is
to determine the values of the coefficients in the CER equation. The most common
technique used to solve for the coefficient values is the method of least squares.
Basically, this method seeks to determine a straight line through the data that
minimizes the total deviation of the actual data from the predicted values. (The line
itself represents the CER.) This method is relatively easy to apply manually and is
also available in many commercial software packages. (Most spreadsheet packages
are capable of performing a least-squares fit of data.) The primary requirement for
the use of the least-squares method is a linear relationship between the independent
variable (the cost driver) and the dependent variable (project cost).*

All of the equation forms presented in Table 3-2 can easily be transformed into
a linear form. The following equations can be used to calculate the values of the
coefficients bg and by in the simple linear equation y = by + by x:

by = —= = =1 7 (3-8)

n n 2
n3 - (in>

i=1 i=1

n n

Y yi—b ) x
=1 i=1

bo = - . =l (3-9)

Note that the variable 7 in the foregoing equations is equal to the number of data
sets used to estimate the values of by and by.

* In addition, the observations should be independent. The difference between predicted and actual values is assumed
to be normally distributed with an expected value of zero. Furthermore, the variance of the dependent variable is
assumed to be equal for each value of the independent variable.
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NEZTTITERTN  Cost Estimating Relationship (CER) for a Spacecraft

In the early stages of design, it is believed that the cost of a Martian rover
spacecraft is related to its weight. Cost and weight data for six spacecraft have
been collected and normalized and are shown in the next table. A plot of the
data suggests a linear relationship. Use a spreadsheet model to determine the
values of the coefficients for the CER.

Spacecraft Weight (Ib) Cost ($ million)

U Xj Yi

1 400 278
2 530 414
3 750 557
4 900 689
5 1,130 740
6 1,200 851

Spreadsheet Solution

Figure 3-7 displays the spreadsheet model for determining the coefficients of the
CER. This example illustrates the basic regression features of Excel. No formulas

Regression

~Input i
Input ¥ Range: [$cs2:4c87 ] E
Cancel |
Input & Range: |¢B$2:4BE7 =]
[ Labels I Constant is Zero Help
I Confidence Level: |95 LA

-Output options
f* QutputR.ange: |59 :_ﬂ ‘
" New Worksheet Ply: |
" Mew Workbook

-Residuals
I~ Residuals I Residual Plots
[ Standardized Residuals ¥ Line Fit Plots

-Mormal Probability .
™ Mormal Probability Ploks

(a) Regression Dialog Box

Figure 3-7 Spreadsheet Solution, Example 3-8
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A o
Spacecraft

ES

B
Wieight
400
530
750
900
1,130 |
1,200

O T e DD R

£ &R A e ea R

e | b | E | F | =8
Cost
78
414
847
L
710
851

T = e ARSI NG N

10

|SUMMARY OUTPUT|

Regression Statistics

[ Multiple R

R Square
|Adjusted R Square
|Standard Error
|Obsemvations

[ 0.89500830
097024154
| 0.88280192
[41.3485718]
B

| ARICTR

of

55 ME F Slgniicance F

J [Regression
|Residual
| Total

1
4
[

22297302
68388176
22881083

22397202 130.4155 D.00033544)
1708.7044

Coefficients Handard Erro

i Stat Fyalug

Lower 95% | Unper 39% |Lower 95.0% Unper 93.0%

[Trtercent
|® NVariahle

[ 48.2928513]
0.55973582

50195781
0.0577704

0061833 0,380601 | .
11.419962 0,000335| 0.49933014] 0.82013251 0.4883381

-91.081625) 187657327 -91.091625 | 187.6857327

0.82013251

$

Cost

Observed Versus Predicted Values

1,000
$800 +
$600 +
$400 +
$200 +

$0

200

400 600 800 1,000 1,200
Spacecraft Weight (in Ibs.)

Figure 3-7 (continued)

(b) Regression Results

are entered, only the cost and weight data for the spacecraft. The challenge
in spreadsheet regression lies in making sure that the underlying regression
assumptions are satisfied and in interpreting the output properly.

The Tools | Data Analysis | Regression menu command brings up the Reg-
ression dialog box shown in Figure 3-7(a) and shows the values used for
this model. The results of the analysis are generated by Excel and are
displayed beginning in cell A9 of Figure 3-7(b). For the purposes of this
example, the coefficients by and by of the CER are found in cells B25 and B26,

respectively.
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The resulting CER relating spacecraft cost (in millions of dollars) to space-
craft weight is
Cost = 48.28 + 0.6597x,

where x represents the weight of the spacecraft in pounds, and 400 < x < 1,200.

3.4.3.4 Model Validation and Documentation Once the CER equation has
been developed, we need to determine how well the CER can predict cost (i.e.,
model validation) and document the development and appropriate use of the
CER. Validation can be accomplished with statistical “goodness of fit” measures
such as standard error and the correlation coefficient. Analysts must use goodness
of fit measures to infer how well the CER predicts cost as a function of the
selected cost driver(s). Documenting the development of the CER is important
for future use of the CER. It is important to include in the documentation
the data used to develop the CER and the procedures used for normalizing
the data.

The standard error (SE) measures the average amount by which the actual cost
values and the predicted cost values vary. The SE is calculated by

n
Z(yi — Cost;)?
i=1

n—2 !

SE = (3-10)

where Cost; is the cost predicted by using the CER with the independent
variable values for data set i and y; is the actual cost. A small value of SE is
preferred.

The correlation coefficient (R) measures the closeness of the actual data points
to the regression line (y = bo + b1x). It is simply the ratio of explained deviation to
total deviation.

D @i - — )
R — =1 (3-11)

J [g(m - 56)2} [g(yi - 9)2]

where ¥ = L3 xjand 7 = 1 37" ;. The sign (+/—) of R will be the same
as the sign of the slope (b1) of the regression line. Values of R close to one (or minus
one) are desirable in that they indicate a strong linear relationship between the
dependent and independent variables.

In cases where it is not clear which is the “best” cost driver to select or which
equation form is best, you can use the goodness of fit measures to make a selection.
In general, all other things being equal, the CER with better goodness of fit measures
should be selected.




94 CHAPTER 3 / CoST-ESTIMATION TECHNIQUES

m Regression Statistics for the Spacecraft CER

Determine the SE and the correlation coefficient for the CER developed in
Example 3-8.

Solution

From the spreadsheet for Example 3-8 (Figure 3-7), we find that the SE is 41.35
(cell B15) and that the correlation coefficient is 0.985 (cell B12). The value of
the correlation coefficient is close to one, indicating a strong positive linear
relationship between the cost of the spacecraft and the spacecraft’s weight.

3.5 CASE STUDY—Demanufacturing of Computers

In summary, CERs are useful for a number of reasons. First, given the required
input data, they are quick and easy to use. Second, a CER usually requires very
little detailed information, making it possible to use the CER early in the design
process. Finally, a CER is an excellent predictor of cost if correctly developed from
good historical data.

Let’s consider a case that deals with a timely and important issue concerning
environmental economics. What are companies to do with all of the old computers
that typically accumulate at their facilities?

As one possible solution to this problem, a number of states and companies
have jointly established “resource recovery” facilities to process the handling of
old electronic equipment, such as used computers. Demanufacturing of com-
puters involves disassembly, refurbishing, and either donating or reselling the
units. However, there are some residuals, or remaining components, that cannot
be reused, are harmful to the environment, and contribute to the cost of demanu-
facturing.

Let’s consider the case of one resource recovery center in the Northeast that
currently handles approximately 2,000 computers per year. Of these computers,
approximately 50% are refurbished and donated, 40% are remanufactured and
resold, and 10% are “residuals.” What to do with the residuals is a challenging
problem.

The facility currently has a contract with an outside source to take the monitors
and CPUs. This leads to storage requirements in their facility, and there are issues
concerning the determination of the optimal truckload capacity. The labor costs for
the outside contractor are $10.00 per unit, and transportation costs are $1.70 per
unit, for a total of $11.70 per unit, based on a full capacity truck load.

The recovery facility is seeking an alternative solution to the handling of
residuals. One alternative under consideration is to establish a method for demanu-
facturing of the computers that will consider the CPUs only, since there are
environmental issues associated with computer monitors.

The recovery facility recently completed a work measurement study to develop
a method for demanufacture of the CPUs. The method is as follows:
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Remove fasteners or screws.

Remove metal casing.

Remove power and data cables from CD drive.
Unfasten CD drive.

Unfasten supporting bar.

Remove support and floppy drive.

Remove power and data cables from power supply.
Remove motherboard.

XN UR D R

Unfasten and remove power supply.

—
S

. Unfasten drive housing.
11. Remove rubber feet.

From the predetermined time study, it is determined that the demanufacturing rate
is 7.35 minutes/unit. The facility uses an internal labor rate of $12.00/hour, and it is
estimated that training costs for the demanufacturing method will be 10% of total
labor costs. Setup costs and transportation costs are estimated at 150% and 20%
of total labor costs, respectively. The facility’s goal is to demanufacture 200 units
during regular operations. Determine the estimated cost per unit for the proposed
demanufacturing method. What percentage reduction is this over the per unit cost
of using the outside contractor?

Solution

As one possible solution, the industrial engineer performs the following calcu-
lations. For 200 units, the labor quantity is estimated as

7.35 minutes/unit x 200 units = 1,470 minutes = 24.5 hours.

The engineer develops the cost template provided below:

Unit Elements Factor Estimates

Row
Demanufacturing Cost Elements  Units Cost/Unit Factor of Row  Total
A: Factory labor 245hrs  $12.00/hr $294.00
B:  Quality costs—Training 10% A $29.40
C: Total labor $323.40
D: Factory overhead—Setup costs 150% C $485.10
E: Transportation cost 20% C $64.68
F:  Total direct charge $550.08
G: Facility rental —
H: Total demanufacturing cost $873.48
I:  Quantity—Lot size 200
J: Demanufacturing cost per unit $4.37

Outside cost per unit $11.70
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The per unit cost of the proposed internal demanufacturing method is $4.37,
while the per unit cost of using the outside contractor is $11.70. Should the pro-
posed demanufacturing method be adopted, the estimated per unit cost savings is
$7.33 for a 62.6% reduction over the per unit cost for the outside contractor.

This case illustrates that developing creative solutions for internal demanu-
facturing methods not only results in cost savings of approximately 63% from
current practices for the case company, but proper demanufacturing methods will
minimize the number of computer residuals entering the waste stream. What makes
economic sense is also good for the environment! —

3.6 Electronic Spreadsheet Modeling: Learning Curve

Regardless of its form, modeling is an integral part of every engineering discipline.
It is important to establish good skills early in your career and then to continually
refine them as you gain experience. Using the guidelines in Appendix A and
the learning curve formulation in Equation (3-5), we will illustrate the electronic
spreadsheet modeling process. This simple spreadsheet can stand on its own or be
incorporated into a work breakdown structure as part of a more detailed estimate.

Spreadsheet modeling begins by identifying the decision criteria, the funda-
mental relationships defining the decision criteria, the parameter values required in
the equations, and then creating an infrastructure within the worksheet to support
these calculations and present the results. A good model should make it easy for the
user to know what input is required, where it goes, and where to find the results.

Equation (3-5) contains four parameters and one intermediate calculation. For
maximum flexibility, we will allow the user to provide any three parameters, and
the model will return the value for the unspecified parameter. Basic algebraic
manipulation is used to create three additional equations, resulting in one equation
for each of the parameters.

The preliminary model is shown in Figure 3-8. Column A identifies the four
parameters that can be estimated and the intermediate calculation for 7, column B
holds the user-specified values for the parameters, and column C contains the
equations for the final result. We will solve for Z,, to validate the model by providing
parameter values for K, s, and u in column B.

Figure 3-8 Preliminary Learning A | B | C

Curve Model 1 |Learning Curve Estimation Mode
2 NP, e ———————————
3 given  [find
4 [K 100 0
5 Is -~ _0.8] #NUM!
6 |u | 10| #NUM!
il | . N,
8 |n -0.32193
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Once the infrastructure is created, we enter the equations. The intermediate
equation for the learning curve exponent, 1, is in cell B8:

= LOG(B5)/LOG(2)

We could have incorporated this calculation directly into each of the equations
in column C, but it is better to separate intermediate calculations to aid in
troubleshooting and validating the model.

The newly derived learning curve equations are inserted in column C. For
example, cell C4 is:

= B7/(B6”B8)

The other equations go into cells C5, C6, and C7. Note the results of these equations:
cell C4 displays the value 0, which conflicts with the value of 100 specified in cell B4.
Cells C5 and Cé6 return the error code #NUM!, indicating an invalid parameter value
in each formula. In both cases, the formula is trying to evaluate log(0) because cell
B7 is blank. In this format, the answer in cell C7 is difficult to spot.

Model usability is improved by adding an IF function to each equation in
column C to check if the corresponding cell in column Bis blank. Recall that the user
can enter three of the four parameters, and the model will solve for the unspecified
parameter. The modified equation for cell C4 is shown below. The IF function
returns the equation result if cell B4 is empty, or a blank (indicated by the two
consecutive double quotes) if B4 contains a value. This approach eliminates the
conflicting values and error codes.

= IF(ISBLANK(B4),B7/(B6"B9),””)

Model usability is further enhanced with some simple formatting. We add a title
for the parameter names and then set the column titles Parameters, Value, and
RESULT in bold and center them for emphasis. The last header is in uppercase
for additional emphasis. The parameter names are added in column A, in addition
to their symbols, and the names are right justified with a trailing equal sign to
further link them to the adjacent column values.

The value cells are outlined to clearly delineate them from their names in
column A. The result area in column C is shaded, and the corresponding color used
in the column title. Finally, a key is provided at the bottom of the spreadsheet for
additional clarification. The revised spreadsheet is in Figure 3-9. The final answer
is now obvious.

Significant digits play a critical role in estimation. Implied precision through
extraneous digits is very common in spreadsheet modeling. Indeed, our answer
implies that we are capable of measuring time to the nearest millionth of an hour.
Our next enhancement is to incorporate a mechanism for specifying the number
of significant digits in the result. For additional emphasis, the input cell for the
number of digits is placed at the top of the model, still using column B as the input
region. The column C results are retained, since these values may be intermediate
calculations in a larger model.

Spreadsheet software contains a wealth of guidance for using functions and
improving usability. Microsoft Excel help provides an approach for incorporating
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Figure 3-9 Revised Learning | ¥ [
Curve Spreadsheet Model T.Learrung Curve Estimation Model
73|  Parameters = Value & RESULT
1 K (first unit
4 resources) = 100
[ ] s (slope
5 parameter) = 0.8
g u (Unit#= 10
7 | 2Zu{Unit Time] = 47650987
el | [
n (learning curve
i_ﬂnﬂli[ -0.321928
| 10
1]
12 |Key:
13 |Input values
14 |Intermediate result
15 |Result

significant digits in our answer. The newly revised formula in cell D6 is shown
below.

= IF(ISBLANK(B6), ROUND(C6,$B$3-LEN(INT(C6))),””)

The equation in C6 still provides the actual calculation; cell D6 simply reports
this result to the number of significant digits specified in cell B3. This approach
reduces the length of the equation in D6, making troubleshooting easier. The
ISBLANK function is retained so that only one cell in column D displays results.
The ROUND function uses the number of significant digits specified in B3 and
the number of digits in the initial answer to provide the final answer with the
appropriate number of significant digits. The dollar signs in the B3 cell address
represent absolute addressing, as described in Appendix A. The final model is
shown in Figure 3-10.

We see that modeling is an iterative process—we begin with the basics, validate
the results by hand, then enhance the results for usability. The level of sophistication
is a function of how often the model will be used and who will be using it.

3.7 Try Your Skills

The number in parentheses that follows each problem refers to the section
from which the problem is taken. Solutions to these problems can be found in
Appendix G.

3-A. Develop an estimate for the cost of washing and drying a 12-pound load
of laundry. Remember to consider all the costs. Your time is worth nothing
unless you have an opportunity to use it for making (or saving) money on
other activities. (3.2)

3-B. The manufacturer of commercial jets has a cost index equal to 94.9 per aircraft
in 2013. The anticipated cost index for the airplane in 2018 is 106.8. The
average compound rate of growth should hold steady for the next 15 years.
If an aircraft costs $10.2 million to build in 2014, what is its expected cost in
20167 State your assumptions. (3.3)
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3-C. Four hundred pounds of copper go into a 2,000-square-foot, newly
constructed house. Today’s price of copper is $3.50 per pound. If the cost of
copper is expected to increase 4.5% per year into the foreseeable future, what
is the cost of copper going to be in a new 2,400-square-foot house 10 years
from now? Assume the cost capacity factor for increases of copper in houses
equals 1.0. (3.4)

3.8 Summary

Developing the cash flow for each alternative in a study is a pivotal, and usually the
most difficult, step in the engineering economic analysis procedure. An integrated
approach for developing cash flows includes three major components: (1) a WBS
definition of the project, (2) a cost and revenue structure that identifies all the
cost and revenue elements involved in the study, and (3) estimating techniques
(models).

Estimating techniques (models) are used to develop the cash flows for the
alternatives as they are defined by the WBS. Thus, the estimating techniques form
a bridge between the WBS and detailed cost and revenue data and the estimated
cash flows for the alternatives.

The results of the cost-estimating process are a set of cash flows for a proposed
engineering project. Since these cash flows will occur at different points in time
over the life cycle of the project, Chapter 4 will demonstrate how to account for the
time value of money in our analysis. Then, in Chapter 5, we will learn procedures

for determining the profitability, or economic feasibility, of the proposed project.

Problems

The number in parentheses that follows each problem
refers to the section from which the problem is taken.

| 2| 3-1. A “green” (environmentally friendly) office
“\""| building costs as average of $3.50 per square foot
each year to heat and cool. What is the total annual
heating and cooling cost of an office building that has
10,000 square meters of space? (3.3)

3-2. You are planning to build a new home with
approximately 2,000-2,500 gross square feet of living
space on one floor. In addition, you are planning
an attached two-car garage (with storage space) of
approximately 450 gross square feet. Develop a cost
and revenue structure for designing and constructing,
operating (occupying) for 10 years, and then selling the
home at the end of the 10th year. (3.2)

3-3. Estimate the cost of an oil change (5 quarts of oil)
and a new oil filter for your automobile at a local service

station. It takes a technician 20 minutes to do this job.
Compare your estimate with the actual cost of an oil
change at the service station. What percent markup is
being made by the service station? (3.3)

"= | 3-4. A large electric utility company releases
"] 62 million tons of greenhouse gases (mostly
carbon dioxide) into the environment each year. This
company has committed to spending $1.2 billion in
capital over the next five years to reduce its annual
emissions by 5%. More will be spent after five years
to reduce greenhouse gases further. (3.3)

a. What is the implicit cost of a ton of greenhouse gas?

b. If the United States produces 3 billion tons of
greenhouse gases per year, how much capital
must be spent to reduce total emissions by 3%

over the next five years based on your answer in
Part (a)?



¥. 3-5. The proposed small office building in Exam-
ple 3-2 had 24,000 net square feet of area heated by a
natural gas furnace. The owner of the building wants to
know the approximate cost of heating the structure from
October through March (6 months) because she will
lease heated space to the building’s occupants. During
the heating season, the building will require roughly
60,000 Btu per cubic foot of heated area. Natural gas has
1,000 Btu per cubic foot, and natural gas costs $10.50 per
thousand cubic foot. What will the owner pay to heat
her building? (3.3)

%< | 3-6. An electric power distributor charges
"] residential customers $0.10 per kilowatt-hour
(kWh). The company advertises that “green power” is
available in 150 kWh blocks for an additional $4 per
month. (Green power is generated from solar, wind

power, and methane sources.) (3.3)

a. If a certain customer uses an average of 400 kWh
per month and commits to one monthly 150 kWh
block of green power, what is her annual power
bill?

b. What is the average cost per kWh with green power
during the year?

c¢. Why does green power cost more than conventional
power?

3-7. Suppose that your brother-in-law has decided to
start a company that produces synthetic lawns for
senior homeowners. He anticipates starting production
in 18 months. In estimating future cash flows of the
company, which of the following items would be rela-
tively easy versus relatively difficult to obtain? Also,
suggest how each might be estimated with reasonable
accuracy. (3.2)

Cost of land for a 10,000-square-foot building.

S

Cost of the building (cinder block construction).
Initial working capital.
Total capital investment cost.

First year’s labor and material costs.

- 0 N

First year’s sales revenues.

3-8. A water filtration system in an industrial process
was purchased in 2014 for $250,000. It will be replaced
at the end of year 2019. What is the estimated cost of
the replacement, based on the following equipment cost
index? (3.3)

ProsLems 101

Year Index Year Index
2014 220 2017 257
2015 238 2018 279
2016 247 2019 298

3-9. Prepare a composite (weighted) index for housing
construction costs in 2014, using the following data: (3.3)

Reference
Type of Year
Housing Percent (/= 100) 2014
Single units 70 41 62
Duplex units 5 38 +$/ft>  57}$/ft?
Multiple 25 33 53

3-10. A microbrewery was built in 2012 at a total cost
of $650,000. Additional information is given in the
accompanying table (all 2000 indices = 100). (3.3)

Average
Percentage of Index Index
Cost Element Total Brewery Cost (2012) (2016)
Labor 30 160 200
Materials 20 145 175
Equipment 50 135 162

a. Calculate a weighted index for microbrewery
construction in 2016.

b. Prepare a budget estimate for a microbrewery in
201e6.

33,_:;:' 3-11. The purchase price of a natural gas-fired
|'1"| commercial boiler (capacity X) was $181,000
eight years ago. Another boiler of the same basic

design, except with capacity 1.42X, is currently being
considered for purchase. If it is purchased, some
optional features presently costing $28,000 would be
added for your application. If the cost index was 162
for this type of equipment when the capacity X boiler
was purchased and is 221 now, and the applicable
cost capacity factor is 0.8, what is your estimate of the
purchase price for the new boiler? (3.3, 3.4)

J 3-12. Today (year 0) a new 7-megaWatt (MW)
|'4"] solar panel farm is constructed at a cost of $14
million. Four years from today, a smaller 6-MW solar
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farm will be added to the existing farm. The inflation
rate on solar panel construction projects averages 8%
per year. If the cost-capacity factor is 0.85 for solar panel
construction, what is the estimated capital investment
for the smaller 6-MW solar farm? (3.4)

3-13. Six years ago, an 80-kW diesel electric set cost
$160,000. The cost index for this class of equipment six
years ago was 187 and is now 194. The cost-capacity
factor is 0.6. (3.4)

a. The plant engineering staff is considering a 120-kW
unit of the same general design to power a
small isolated plant. Assume we want to add a
precompressor, which (when isolated and estimated
separately) currently costs $18,000. Determine the
total cost of the 120-kW unit.

b. Estimate the cost of a 40-kW unit of the same
general design. Include the cost of the $18,000
precompressor.

| %< | 3-14. The capital investment cost for a
|\ switchgrass-fueled ethanol plant with a capacity
of 250,000 gallons per year is $3 million. The cost-
capacity factor for this particular plant technology is
0.59 for capacities ranging from 200,000 gallons per
year to 500,000 gallons per year. What is the estimated
capital investment for a similar ethanol plant with a
capacity of 500,000 gallons per year? (3.4)

| 2| 3-15. In a building construction project, 7,500
"] feet of insulated ductwork is required. The
ductwork is made from 14-gauge steel costing $8.50 per
pound. The 24-inch-diameter duct weighs 15 pounds
per foot. Insulation for the ductwork costs $10 per foot.
Engineering design will cost $16,000, and labor to install
the ductwork will amount to $180,000. What is the total
cost of the installed ductwork for this project? (3.3)

3-16. A biotech firm is considering abandoning its old
plant, built 23 years ago, and constructing a new facility
that has 50% more square footage. The original cost of
the old facility was $300,000, and its capacity in terms of
standardized production units is 250,000 units per year.
The capacity of the new laboratory is to be 400,000 units
per year. During the past 23 years, costs of laboratory
construction have risen by an average of 5% per year. If
the cost-capacity factor, based on square footage, is 0.80,
what is the estimated cost of the new laboratory? (3.4)

3-17. The structural engineering design section within
the engineering department of a regional electrical
utility corporation has developed several standard
designs for a group of similar transmission line towers.

The detailed design for each tower is based on one of the
standard designs. A transmission line project involving
50 towers has been approved. The estimated number
of engineering hours needed to accomplish the first
detailed tower design is 126. Assuming a 95% learning
curve,

a. What is your estimate of the number of engineering
hours needed to design the eighth tower and to
design the last tower in the project?

b. What is your estimate of the cumulative average

hours required for the first five designs? (3.4)

3-18. The overhead costs for a company are presently
$X per month. The management team of the company,
in cooperation with the employees, is ready to imple-
ment a comprehensive improvement program to reduce
these costs. If you (a) consider an observation of
actual overhead costs for one month analogous to an
output unit, (b) estimate the overhead costs for the
first month of program implementation to be 1.15X
due to extra front-end effort, and (c) consider a 90%
improvement curve applicable to the situation, what
is your estimate of the percentage reduction in present
overhead costs per month after 30 months of program
implementation? (3.4)

3-19. In alearning curve application, 658.5 work hours
are required for the third production unit and 615.7
work hours are required for the fourth production
unit. Determine the value of n (and therefore s) in
Equation (3-5). (3.4)

3-20. You have been asked to estimate the cost of
100 prefabricated structures to be sold to a local
school district. Each structure provides 1,000 square
feet of floor space, with 8-feet ceilings. In 2003, you
produced 70 similar structures consisting of the same
materials and having the same ceiling height, but
each provided only 800 square feet of floor space.
The material cost for each structure was $25,000 in
2003, and the cost capacity factor is 0.65. The cost
index values for 2003 and 2014 are 200 and 289,
respectively. The estimated manufacturing cost for the
first 1,000-square-foot structure is $12,000. Assume
a learning curve of 88% and use the cost of the
50th structure as your standard time for estimating
manufacturing cost. Estimate the total material cost and
the total manufacturing cost for the 100 prefabricated
structures. (3.3, 3.4)

3-21. The cost of building a supermarket is related
to the total area of the building. Data for the last 10



supermarkets built for Regork, Inc., are shown in the
accompanying table.

Building Area (ft2)  Cost ($)
1 14,500 800,000
2 15,000 825,000
3 17,000 875,000
4 18,500 972,000
5 20,400 1,074,000
6 21,000 1,250,000
7 25,000 1,307,000
8 26,750 1,534,000
9 28,000 1,475,500

10 30,000 1,525,000

a. Develop a CER for the construction of supermarkets.
Use the CER to estimate the cost of Regork’s next
store, which has a planned area of 23,000 square
feet. (3.4)

b. Compute the standard error and correlation
coefficient for the CER developed in Part (a). (3.4)

3-22. In the packaging department of a large aircraft
parts distributor, a fairly reliable estimate of packaging
and processing costs can be determined by knowing the
weight of an order. Thus, the weight is a cost driver
that accounts for a sizable fraction of the packaging
and processing costs at this company. Data for the past
10 orders are given as follows: (3.4)

Packaging and Weight
Processing Costs ($), y  (Pounds), x
97 230
109 280
88 210
86 190
123 320
114 300
112 280
102 260
107 270
86 190

a. Estimate the by and by coefficients, and determine
the linear regression equation to fit these data.
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b. What is the correlation coefficient (R)?

c. If an order weighs 250 1b, how much should it cost
to package and process it?

3-23. A 250 square foot shell and tube heat exchanger
was purchased for $15,250 in 2004 when the index value
was 830. Estimate the cost of 150 square foot shell and
tube heat exchanger in 2014 when the index value is
1,059 and the appropriate cost-capacity factoris 0.6. (3.4)

3-24. Today a proposed community college is estimated
to cost $34.6 million, which is $127 per square foot of
space multiplied by 272,310 square feet. If construction
costs are expected to increase by 19% per year because of
high demand for construction labor and materials, how
much would a 320,000-square-foot community college
cost five years from now? The cost capacity factor
is 1.0. (3.3)

3-25. Your FICO score is a commonly used measure of
credit risk (see wwwmyfico.com). A score of 850 is the
best (highest) score possible. Thirty-five percent of the
FICO score is based on payment history for credit cards,
car loans, home mortgages, and so on. Suppose your
current FICO score is 720 and you have just missed a
credit card payment due date and have incurred a late-
payment fee! If your FICO score will drop 10% in the
“payment history” category because of the late payment
on your credit card, what is your new FICO score? (3.3)

3-26. A small plant has been constructed and the costs
are known. A new plant is to be estimated with the
use of the exponential (power sizing) costing model.
Major equipment, costs, and factors are as shown in
Table P3-26. (Note MW = 10° Watts.)

If ancillary equipment will cost an additional
$200,000, find the cost for the proposed plant. (3.4)

3-27. Extended Learning Exercise. You have been asked
to prepare a quick estimate of the construction cost for
a coal-fired electricity generating plant and facilities. A
work breakdown structure (levels one through three)
is shown is Table P3-27. You have the following infor-
mation available:

e A coal-fired generating plant twice the size of the
one you are estimating was built in 1993. The 1993
boiler (1.2) and boiler support system (1.3) cost $110
million. The cost index for boilers was 110 in 1993,
it is 492 in 2016. The cost capacity factor for similar
boilers and support systems is 0.9. The 600-acre site
is on property you already own, but improvements
(1.1.1) and roads (1.1.2) will cost $2,000 per acre,
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Table for Problem 3-26

Equipment Reference Size Unit Reference Cost Cost-Capacity Factor New Design Size
Two boilers 6 MW $300,000 0.80 10 MW
Two generators 6 MW $400,000 0.60 9 MW
Tank 80,000 gal $106,000 0.66 91,500 gal
Work Breakdown Structure for Problem 3-27
PROJECT: Coal-Fired Electricity Generating Plant and Facilities
Line No. Title WBS Element Code
001 Coal-fired power plant 1.
002 Site 1.1
003 Land improvements 1.11
004 Roads, parking, and paved areas 1.1.2
005 Railroads 1.1.3
006 Boiler 1.2
007 Furnace 1.2.1
008 Pressure vessel 122
009 Heat exchange system 1.2.3
010 Generators 124
011 Boiler support system 1.3
012 Coal transport system 1.3.1
013 Coal pulverizing system 1.3.2
014 Instrumentation and control 1.3.3
015 Ash disposal system 1.3.4
016 Transformers and distribution 1.3.5
017 Coal storage facility 14
018 Stockpile reclaim system 141
019 Rail car dump 1.4.2
020 Coal handling equipment 143
021 Support facilities and equipment 1.5
022 Hazardous waste systems 1.5.1
023 Support equipment 1.5.2
024 Utilities and communications system 1.5.3
025 Security systems 154
026 Project integration 1.9
027 Project management 191
028 Environmental management 1.9.2
029 Project safety 1.9.3
030 Quality assurance 1.9.4
031 Test, start-up, and transition management 1.9.5

and railroads (1.1.3) will cost $3,000,000. Project
integration (1.9) is projected to cost 3% of all other
construction costs.

The security systems (1.5.4) are expected to
cost $1,500 per acre, according to recent (2016)
construction of similar plants. All other support

facilities and equipment (1.5) elements are to be built
by Viscount Engineering. Viscount Engineering has
built the support facilities and equipment elements
for two similar generating plants. Their experience is
expected to reduce labor requirements substantially;
a90% learning curve can be assumed. Viscount built



the support facilities and equipment on their first job
in 95,000 hours. For this project, Viscount’s labor will
be billed to you at $60 per hour. Viscount estimates
that materials for the construction of the support
facilities and equipment elements (except 1.5.4) will
cost you $15,000,000.

e The coal storage facility (1.4) for the coal-fired
generating plant built in 1993 cost $5 million.

Spreadsheet Exercises
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Although your plant is smaller, you require the
same size coal storage facility as the 1993 plant. You
assume you can apply the cost index for similar
boilers to the coal storage facility.

What is your estimated 2016 cost for building
the coal-fired generating facility? Summarize your
calculations in a cost estimating worksheet, and state
the assumptions you make.

3-28. Refer to Example 3-7. Construct a graph to show
how the time to complete the 10th car changes as the
learning curve slope parameter is varied from 75%
to 95%. (3.4)

3-29. The Betterbilt Construction Company designs
and builds residential mobile homes. The company is
ready to construct, in sequence, 16 new homes of 2,400
square feet each. The successful bid for the construction
materials in the first home is $64,800, or $27 per square
foot. The purchasing manager believes that several
actions can be taken to reduce material costs by 8% each
time the number of homes constructed doubles. Based
on this information,

Case Study Exercises

a. What is the estimated cumulative average material
cost per square foot for the first five homes?

b. What is the estimated material cost per square foot

for the last (16th) home? (3.4)

3-30. Refer to Example 3-8. While cleaning out
an old file, someone uncovers the first spacecraft
manufactured by your company—30 years ago! It
weighed 100 pounds and cost $600 million. Extend
the spreadsheet to include this data point. How does
adding this observation affect R and the standard error?
How about the regression coefficients? Should this new
data point be included in the model used for predicting
future costs? (3.4)

3-31. What other cost factors might you include in such
an economic analysis? (3.5)

3-32. What cost factor is the per unit demanufacturing
cost most sensitive to and why? (3.5)

3-33. What is the projected impact on the per unit
demanufacturing cost of a 50% increase in training costs
coupled with a 90% increase in transportation costs?
What is the revised cost reduction percentage? (3.5)

Use the cost template presented in Section 3.5 to
solve Problems (3-34) and (3-35).

3-34. You have been asked to estimate the per unit selling
price of a new line of clothing. Pertinent data are as
follows:

Direct labor rate:
Production material:
Factory overhead:
Packing costs:
Desired profit:

$15.00 per hour

$375 per 100 items

125% of direct labor

75% of direct labor

20% of total manufacturing
cost

Past experience has shown that an 80% learning
curve applies to the labor required for producing these
items. The time to complete the first item has been
estimated to be 1.76 hours. Use the estimated time to
complete the 50th item as your standard time for the
purpose of estimating the unit selling price. (3.4, 3.5)
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3-35. Given the following information, how many units
must be sold to achieve a profit of $25,000? [Note that
the units sold must account for total production costs
(direct and overhead) plus desired profit.] (3.4, 3.5)

FE Practice Problems

Direct labor hours: 0.2 hour/unit
Direct labor costs: $21.00/hour

Direct materials cost: $4.00/unit
Overhead costs: 120% of direct labor
Packaging and shipping: $1.20/unit

Selling price: $20.00/unit

3-36. Find the average time per unit required to
produce the first 30 units, if the slope parameter of the
learning rate is 92% and the first unit takes 460 hours.

(a) —3.30693E-11 (b) 305.5404 (c) 245
(d) 347.3211

| 2= | 3-37. A student is considering the purchase of
|' 17| two alternative cars. Car A initially costs $1,500
more than Car B, but uses 0.05 gallons per mile, versus
0.07 gallons per mile for Car B. Both cars will last for
10 years, and B’s market value is $800 less than A’s. Fuel
costs $4.00 per gallon. If all else is equal, at how many
miles driven per year does Car A become preferable to
Car B?

(a) 875 (b) 1,167 (01,723 (d) 1,892

3-38. Anautomatic process controller will eliminate the
current manual control operation. Annual cost of the
current method is $4,000. If the controller has a service
life of 13 years and an expected market value of 11% of
the first cost, what is the maximum economical price for
the controller? Ignore interest.

(a) $28,869 (b) $58,426
(d) $25,694 (e) $53,344

(c) $26,358

3-39. A foreman supervises A, B, and eight other
employees. The foreman states that he spends twice
as much time supervising A and half as much time
supervising B, compared with the average time spent

supervising his other subordinates. All employees have
the same production rate. On the basis of equal cost per
unit production, what monthly salary is justified for B
if the foreman gets $3,800 per month and A gets $3,000
per month?

(a) $3,543
(d) $2,457

(b) $3,800
(e) $3,400

(c) $3,000

ol | 3-40. A car rental agency is considering a modi-

[ | fication in its oil change procedure. Currently, it
uses a Type X filter, which costs $5 and must be changed

every 7,000 miles along with the oil (5 quarts). Between
each oil change, one quart of oil must be added after
each 1,000 miles. The proposed filter (Type Y) has to be
replaced every 5,000 miles (along with 5 quarts of oil)
but does not require any additional oil between filter
changes. If the oil costs $1.08 per quart, what is the
maximum acceptable price for the Type Y filter?

(a) $12.56 (b) $7.43 (c) $11.48 (d) $6.66

3-41. Asmall textile plant was constructed in 2004. The
major equipment, costs, and factors are shown below.

Estimate the cost to build a new plant in 2014 if the
index for this type of equipment has increased at an
average rate of 12% per year for the past 10 years. Select
the closest answer. (3.4)

(a) $4,618,000 (b) $10,623,000
(c) $14,342,000 (d) $14,891,000

Equipment Reference Size Reference Cost Cost-Capacity Factor New Design Size
Finishing machine 150 yd/min $900,000 0.92 200 yd/min
Jet dyer 200 yd/min $1,125,000 0.87 450 yd/min
Steam dyer 100 yd/min $750,000 0.79 175 yd/min




CHAPTER 4
The Time Value of Money

The primary focus of Chapter 4 is to explain time value of money
calculations and to illustrate economic equivalence.

Crisis in the Gulf

ow vividly do you remember the biggest man-made envi-
H ronmental catastrophe in American history—millions of

gallons of oil flowing unchecked into the Gulf of Mexico from
an undersea well? In response to this tragedy, British Petroleum (BP) will make
payments into a fund to pay for some of the damages to the Gulf Coast resulting
from their massive oil spill in April and following months of 2010. BP will pay
$3 billion at the end of the third quarter of 2010 and another $2 billion in the
fourth quarter of 2010. BP will then make payments of $1.25 billion each quarter
thereafter until a total of $20 billion has been paid into the fund. If the opportunity
cost of capital (interest rate) is 3% per quarter, what is the equivalent value of this
payment stream at the beginning of the third quarter of 2010? This is one type of
problem you can answer after studying Chapter 4. We will return to this problem
in Example 4-18.
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4.1

If you would know the value of money, go and try to borrow some.

—Benjamin Franklin

Introduction
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The term capital refers to wealth in the form of money or property that can be used
to produce more wealth. The majority of engineering economy studies involve
commitment of capital for extended periods of time, so the effect of time must be
considered. In this regard, it is recognized that a dollar today is worth more than
a dollar one or more years from now because of the interest (or profit) it can earn.
Therefore, money has a time value. It has been said that often the riskiest thing a
person can do with money is nothing! Money has value, and if money remains
uninvested (like in a large bottle), value is lost. Money changes in value not only
because of interest rates (Chapter 4)—inflation (or deflation) and currency exchange
rates also cause money to change in value. The latter two topics will be discussed
in Chapter 8.

4.1.1 Why Consider Return to Capital?

There are fundamental reasons why return to capital in the form of interest and
profit is an essential ingredient of engineering economy studies. First, interest
and profit pay the providers of capital for forgoing its use during the time the
capital is being used. The fact that the supplier can realize a return on capital
acts as an incentive to accumulate capital by savings, thus postponing immediate
consumption in favor of creating wealth in the future. Second, interest and profit
are payments for the risk the investor takes in permitting another person, or an
organization, to use his or her capital.

In typical situations, investors must decide whether the expected return on
their capital is sufficient to justify buying into a proposed project or venture. If
capital is invested in a project, investors would expect, as a minimum, to receive a
return at least equal to the amount they have sacrificed by not using it in some other
available opportunity of comparable risk. This interest or profit available from
an alternative investment is the opportunity cost of using capital in the proposed
undertaking. Thus, whether borrowed capital or equity capital is involved, there
is a cost for the capital employed in the sense that the project and venture must
provide a sufficient return to be financially attractive to suppliers of money or
property.

In summary, whenever capital is required in engineering and other business
projects and ventures, it is essential that proper consideration be given to its cost
(i.e., time value). The remainder of this chapter deals with time value of money
principles, which are vitally important to the proper evaluation of engineering
projects that form the foundation of a firm’s competitiveness, and hence to its very
survival.
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4.1.2 The Origins of Interest

Like taxes, interest has existed from earliest recorded human history. Records reveal
its existence in Babylon in 2000 B.C. In the earliest instances, interest was paid in
money for the use of grain or other commodities that were borrowed; it was also
paid in the form of grain or other goods. Many existing interest practices stem from
early customs in the borrowing and repayment of grain and other crops.

History also reveals that the idea of interest became so well established that a
firm of international bankers existed in 575 B.c., with home offices in Babylon. The
firm’s income was derived from the high interest rates it charged for the use of its
money for financing international trade.

Throughout early recorded history, typical annual rates of interest on loans of
money were in the neighborhood of 6% to 25%, although legally sanctioned rates as
high as 40% were permitted in some instances. The charging of exorbitant interest
rates on loans was termed usury, and prohibition of usury is found in the Bible.
(See Exodus 22: 21-27.)

During the Middle Ages, interest taking on loans of money was generally
outlawed on scriptural grounds. In 1536, the Protestant theory of usury was
established by John Calvin, and it refuted the notion that interest was unlawful.
Consequently, interest taking again became viewed as an essential and legal part
of doing business. Eventually, published interest tables became available to the
public.

4.2 Simple Interest

When the total interest earned or charged is linearly proportional to the initial
amount of the loan (principal), the interest rate, and the number of interest periods
for which the principal is committed, the interest and interest rate are said to be
simple. Simple interest is not used frequently in modern commercial practice.

When simple interest is applicable, the total interest, I, earned or paid may be
computed using the formula

I=@P)IN)(), (4-1)

where P = principal amount lent or borrowed;
N = number of interest periods (e.g., years);
i = interest rate per interest period.

The total amount repaid at the end of N interest periods is P + I. Thus, if $1,000
were loaned for three years at a simple interest rate of 10% per year, the interest
earned would be

[ =%$1,000 x 3 x 0.10 = $300.

The total amount owed at the end of three years would be $1,000 + $300 = $1,300.
Notice that the cumulative amount of interest owed is a linear function of time
until the principal (and interest) is repaid (usually not until the end of period N).
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The Importance of Interest in Your Daily Life
In 2005, total debt (credit cards, auto loans, home mortgages, etc.) amounted
to more than 100% of total disposable income for the average U.S. household. If
your total disposable income is $50,000, how much interest can you expect to
pay when the average interest rate on your debt is 12% per year?

Answer: You can expect to pay $50,000 (0.12) = $6,000 per year!

4.3 Compound Interest

Whenever the interest charge for any interest period (a year, for example) is based
on the remaining principal amount plus any accumulated interest charges up
to the beginning of that period, the interest is said to be compound. The effect of
compounding of interest can be seen in the following table for $1,000 loaned for
three periods at an interest rate of 10% compounded each period:

(1 2)=(1)x10% (3 =(1)+(2)

Amount Owed Interest Amount  Amount Owed

Period at Beginning of Period for Period at End of Period
1 $1,000 $100 $1,100
2 $1,100 $110 $1,210
3 $1,210 $121 $1,331

As you can see, a total of $1,331 would be due for repayment at the end of the third
period. If the length of a period is one year, the $1,331 at the end of three periods
(years) can be compared with the $1,300 given earlier for the same problem with
simple interest. A graphical comparison of simple interest and compound interest
is given in Figure 4-1. The difference is due to the effect of compounding, which is
essentially the calculation of interest on previously earned interest. This difference
would be much greater for larger amounts of money, higher interest rates, or greater
numbers of interest periods. Thus, simple interest does consider the time value
of money but does not involve compounding of interest. Compound interest is
much more common in practice than simple interest and is used throughout the
remainder of this book.

4.4 The Concept of Equivalence

Alternatives should be compared when they produce similar results, serve the same
purpose, or accomplish the same function. This is not always possible in some
types of economy studies (as we shall see later), but now our attention is directed
at answering the question: How can alternatives for providing the same service
or accomplishing the same function be compared when interest is involved over
extended periods of time? Thus, we should consider the comparison of alternative
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options, or proposals, by reducing them to an equivalent basis that is dependent on
(1) the interest rate, (2) the amounts of money involved, and (3) the timing of the
monetary receipts or expenses.

To better understand the mechanics of interest and to explain the concept of
equivalence, suppose you have a $17,000 balance on your credit card. “This has
got to stop!” you say to yourself. So you decide to repay the $17,000 debt in four
months. An unpaid credit card balance at the beginning of a month will be charged
interest at the rate of 1% by your credit card company. For this situation, we have
selected three plans to repay the $17,000 principal plus interest owed.* These three
plans are illustrated in Table 4-1, and we will demonstrate that they are equivalent
(i.e., the same) when the interest rate is 1% per month on the unpaid balance of
principal.

Plan 1 indicates that none of the principal is repaid until the end of the fourth
month. The monthly payment of interest is $170, and all of the principal is also
repaid at the end of month four. Because interest does not accumulate in Plan 1,
compounding of interest is not present in this situation. In Table 4-1, there are 68,000
dollar-months of borrowing ($17,000 x 4 months) and $680 total interest. Therefore,
the monthly interest rate is ($680 = 68,000 dollar-months) x 100% = 1%.

Plan 2 stipulates that we repay $4,357.10 per month. Later we will show how
this number is determined (Section 4.9). For our purposes here, you should observe
that interest is being compounded and that the $17,000 principal is completely
repaid over the four months. From Table 4-1, you can see that the monthly interest
rate is ($427.10 <+ 42,709.5 dollar-months of borrowing) x 100% = 1%. There are
fewer dollar-months of borrowing in Plan 2 (as compared with Plan 1) because
principalis being repaid every month and the total amount of interest paid ($427.10)
is less.

* These repayment plans are for demonstration purposes only. It is very unlikely that a credit card company would
agree to either Plan 1 or Plan 3 without additional charges and /or damaging your credit history.
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Three Plans for Repayment of $17,000 in Four Months with Interest

at 1% per Month

(1) (2) B)=1%x@2 A= +0) (5) 6) = (3) + (5)
Amount Owed Interest Total Money Total
at Beginning Accrued Owed at Principal End-of-Month
Month of Month for Month End of Month Payment Payment (Cash Flow)
Plan 1: Pay interest due at end of each month and principal at end of fourth month.
1 $17,000 $170 $17,170 $0 $170
2 17,000 170 17,170 0 170
3 17,000 170 17,170 0 170
4 17,000 170 17,170 17,000 17,170
68,000 $-mo. $680
(total interest)
Plan 2: Pay off the debt in four equal end-of-month installments (principal and interest).
1 $17,000 $170 $17,170 $4,187.10 $4,357.10
2 12,812.90 128.13 12,941.03 4,228.97 4,357.10
3 8,583.93 85.84 8,669.77 4,271.26 4,357.10
4 4,312.67 43.13 4,313.97 4,357.10
42,709.5 $-mo. $427.10

(total interest) Difference = $1.30 due to roundoff

Plan 3*: Pay principal and interest in one payment at end of fourth month.

1

2
3
4

$170 $17,170 $0 $0

171.70 17,341.70 0 0

17,341.70 173.42 17,515.12 0 0

17,515.12 175.15 17,690.27 17,000 17,690.27
69,026.8 $-mo. $690.27

(total interest)

* Here, column 6 # column 3 + column 5.

Finally, Plan 3 shows that no interest and no principal are repaid in the first three
months. Then at the end of month four, a single lump-sum amount of $17,690.27 is
repaid. This includes the original principal and the accumulated (compounded)
interest of $690.27. The dollar-months of borrowing are very large for Plan 3
(69,026.8) because none of the principal and accumulated interest is repaid until
the end of the fourth month. Again, the ratio of total interest paid to dollar-months
is 0.01.

This brings us back to the concept of economic equivalence. If the interest rate
remains at 1% per month, you should be indifferent as to which plan you use to
repay the $17,000 to your credit card company. This assumes that you are charged
1% of the outstanding principal balance (which includes any unpaid interest) each
month for the next four months. If interest rates in the economy go up and increase
your credit card rate to say, 1}1% per month, the plans are no longer equivalent.
What varies among the three plans is the rate at which principal is repaid and how
interest is repaid.
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4.5 Notation and Cash-Flow Diagrams and Tables

The following notation is utilized in formulas for compound interest calculations:

i = effective interest rate per interest period;

N = number of compounding (interest) periods;

P = present sum of money; the equivalent value of one or more cash flows
at a reference point in time called the present;

F = future sum of money; the equivalent value of one or more cash flows at
a reference point in time called the future;

A = end-of-period cash flows (or equivalent end-of-period values) in a
uniform series continuing for a specified number of periods, starting
at the end of the first period and continuing through the last period.

The use of cash-flow (time) diagrams or tables is strongly recommended for
situations in which the analyst needs to clarify or visualize what is involved
when flows of money occur at various times. In addition, viewpoint (remember
Principle 3?) is an essential feature of cash-flow diagrams.

The difference between total cash inflows (receipts) and cash outflows (expen-
ditures) for a specified period of time (e.g., one year) is the net cash flow for the
period. As discussed in Chapters 2 and 3, cash flows are important in engineering
economy because they form the basis for evaluating alternatives. Indeed, the
usefulness of a cash-flow diagram for economic analysis problems is analogous
to that of the free-body diagram for mechanics problems.

Figure 4-2 shows a cash-flow diagram for Plan 3 of Table 4-1, and Figure 4-3
depicts the net cash flows of Plan 2. These two figures also illustrate the definition
of the preceding symbols and their placement on a cash-flow diagram. Notice that
all cash flows have been placed at the end of the month to correspond with the
convention used in Table 4-1. In addition, a viewpoint has been specified.

The cash-flow diagram employs several conventions:

1. The horizontal line is a time scale, with progression of time moving from left to
right. The period (e.g., year, quarter, month) labels can be applied to intervals of
time rather than to points on the time scale. Note, for example, that the end of
Period 2 is coincident with the beginning of Period 3. When the end-of-period
cash-flow convention is used, period numbers are placed at the end of each time
interval, as illustrated in Figures 4-2 and 4-3.

Figure 4-2 Cash-Flow Beginning of  End of F = $17,690.27
Diagram for Plan 3 of Month 1 Month 1
Table 4-1 (Credit Card / /
Company'’s Viewpoint) > >
| | |
0 1 2 3 4=N
End of Month i = 1% per Month

P = $17,000
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Figure 4-3 Cash-Flow A =$4357.10
Diagram for Plan 2 of Table T T
4-1 (Lender’s Viewpoint) 0 r T
1 2 3 4=N
End of Month i = 1% per Month
P = $17,000

. The arrows signify cash flows and are placed at the end of the period. If a

distinction needs to be made, downward arrows represent expenses (negative
cash flows or cash outflows) and upward arrows represent receipts (positive
cash flows or cash inflows).

. The cash-flow diagram is dependent on the point of view. For example, the

situations shown in Figures 4-2 and 4-3 were based on cash flow as seen by
the lender (the credit card company). If the directions of all arrows had been
reversed, the problem would have been diagrammed from the borrower’s

viewpoint.

VIDEO
SOLUTIONS

Cash-Flow Diagramming

Before evaluating the economic merits of a proposed investment, the XYZ
Corporation insists that its engineers develop a cash-flow diagram of the
proposal. An investment of $10,000 can be made that will produce uniform
annual revenue of $5,310 for five years and then have a market (recovery) value
of $2,000 at the end of year (EQY) five. Annual expenses will be $3,000 at the
end of each year for operating and maintaining the project. Draw a cash-flow
diagram for the five-year life of the project. Use the corporation’s viewpoint.

Solution

As shown in the figure below, the initial investment of $10,000 and annual
expenses of $3,000 are cash outflows, while annual revenues and the market
value are cash inflows.

$2,000

!

$5,310 $5,310 $5,310 $5,310 $5,310
0 i} 3 o} B s} w
' } ' 4 i

$3,000 $3,000 $3,000 $3,000 $3,000
End of Year (EQY)

$10,000
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Notice that the beginning of a given year is the end of the preceding year.
For example, the beginning of year two is the end of year one.

Example 4-2 presents a situation in which cash flows are represented in tabular

form to facilitate the analysis of plans and designs.

Developing a Net Cash-Flow Table

In a company’s renovation of a small office building, two feasible alternatives for
upgrading the heating, ventilation, and air conditioning (HVAC) system have
been identified. Either Alternative A or Alternative B must be implemented. The
costs are as follows:

Alternative A Rebuild (overhaul) the existing HVAC system

e Equipment, labor, and materials to rebuild ........... $18,000
e Annual cost of electricity.................... ... 32,000
e Annual maintenance expenses ....................... 2,400

Alternative B  Install a new HVAC system that utilizes existing ductwork

e Equipment, labor, and materials toinstall ............ $60,000
e Annual cost of electricity.......................... ... 9,000
e Annual maintenance expenses ....................... 16,000
e Replacement of a major component four years hence.. 9,400

At the end of eight years, the estimated market value for Alternative A is $2,000
and for Alternative B it is $8,000. Assume that both alternatives will provide
comparable service (comfort) over an eight-year period, and assume that the
major component replaced in Alternative B will have no market value at EOY
eight. (1) Use a cash-flow table and end-of-year convention to tabulate the
net cash flows for both alternatives. (2) Determine the annual net cash-flow
difference between the alternatives (B — A).

Solution

The cash-flow table (company’s viewpoint) for this example was developed by
using a spreadsheet and is shown in Figure 4-4. On the basis of these results,
several points can be made: (1) Doing nothing is not an option—either A or B
must be selected; (2) even though positive and negative cash flows are included
in the table, on balance we are investigating two “cost-only” alternatives; (3) a
decision between the two alternatives can be made just as easily on the difference
in cash flows (i.e., on the avoidable difference) as it can on the stand-alone net
cash flows for Alternatives A and B; (4) Alternative B has cash flows identical
to those of Alternative A, except for the differences shown in the table, so if the
avoidable difference can “pay its own way,” Alternative B is the recommended
choice; (5) cash-flow changes caused by inflation or other suspected influences
could have easily been inserted into the table and included in the analysis; and
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=-25000-9400| |=C3-B3 = SUM(D$3:D3)

&L I B RN [ = S | I S|
1 | Alternative 4 | Alternative 8 | | Difference | | Cumulative
Z Endof Year | het Cash Flow | Ket Cash Flow (B-A) Difference
3 0 {row) | § (18000) § | (50000 § 4420009 § 4 (42 000)
4 [ 3 (34,400} & (25000)| % 2400 & [325600)
5 2 5 (34 400} § (25 0007 § 3400 § (23,200)
B 3 % (34400) § | (250000 % 9400 § (13,600)
7 4 |§  (34400) 5 ¢ (34.400) % - (13,800)
9 5 | & (34 400 ¥ (220000 % 3400 % (4,400)
3 b 5 (34,400} | § (25,0000 % 9,400 | & 5,000
10 % 5 (34 400) § (25000) % 3400 § 14,400
11 8 S (32.400) § (170007 % 15,400 | § 29,6800
12 Total jl (291 2001 § Ifm 4007
= — 34400 + 2000 =—25000 + 8000
= SUM(B3:B11)

Figure 4-4 Cash-Flow Table, Example 4-2

(6) it takes six years for the extra $42,000 investment in Alternative B to generate
sufficient cumulative savings in annual expenses to justify the higher investment.
(This ignores the time value of money.) So, which alternative is better? We'll be
able to answer this question later when we consider the time value of money in
order to recommend choices between alternatives.

Comment

Cash-flow tables are invaluable when using a spreadsheet to model engineering
economy problems.

It should be apparent that a cash-flow table clarifies the timing of cash flows,
the assumptions that are being made, and the data that are available. A cash-flow
table is often useful when the complexity of a situation makes it difficult to show
all cash-flow amounts on a diagram.

The remainder of Chapter 4 deals with the development and illustration
of equivalence (time value of money) principles for assessing the economic
attractiveness of investments, such as those proposed in Examples 4-1 and 4-2.

Viewpoint: In most examples presented in this chapter, the company’s
(investor’s) viewpoint will be taken.
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4.6 Relating Present and Future Equivalent Values
of Single Cash Flows

Figure 4-5 shows a cash-flow diagram involving a present single sum, P, and
a future single sum, F, separated by N periods with interest at i% per period.
Throughout this chapter, a dashed arrow, such as that shown in Figure 4-5, indicates
the quantity to be determined.

4.6.1

If an amount of P dollars is invested at a point in time and i% is the interest (profit
or growth) rate per period, the amount will grow to a future amount of P + Pi =
P(1 +1) by the end of one period; by the end of two periods, the amount will grow
to P(1 +i)(141i) = P(1+1)%; by the end of three periods, the amount will grow to
P(1+1)%(1+i) =P +1)3 and by the end of N periods the amount will grow to

Finding F when Given P

F=P1+i)N. 4-2)

Future Equivalent of a Present Sum

Suppose that you borrow $8,000 now, promising to repay the loan principal plus
accumulated interest in four years at i = 10% per year. How much would you
repay at the end of four years?

Solution
Total
Amount Owed Interest Owed Amount Owed End-of-Year

Year at Start of Year for Each Year at End of Year Payment

1 P =% 8,000 iP =% 800 P1+i) =%$8800 O

2 P(1+i) =%$8800 iP(1+i) =% 80 P1+ i)2 =$9680 0

3 PA+1)%2=%$9680 iPA+i)2=% 968 P1+i)°=$10648 0

4  PA+1)3=$10,648 iP(1+1)3=$1,065 PQ1+i*=%$11,713 F=%$11,713

In general, we see that F = P(1+ /)N, and the total amount to be repaid is $11,713.

The quantity (1 + /)N in Equation (4-2) is commonly called the single payment
compound amount factor. Numerical values for this factor are given in the second
column from the left in the tables of Appendix C for a wide range of values of
i and N. In this book, we shall use the functional symbol (F/P,i%, N) for (1 + HN.
Hence, Equation (4-2) can be expressed as

F=P(F/P,i%,N). (4-3)
where the factor in parentheses is read “find F given P at i% interest per period
for N interest periods.” Note that the sequence of F and P in F/P is the same as in
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F = Future Equivalent (Find)

i = Interest Rate per Period
0 | | | | |

1 2 3 N=2 N-1
End of Period

PO T

P = Present Equivalent (Given)

Figure 4-5 General Cash-Flow Diagram Relating Present Equivalent and Future
Equivalent of Single Payments

the initial part of Equation (4-3), where the unknown quantity, F, is placed on the
left-hand side of the equation. This sequencing of letters is true of all functional
symbols used in this book and makes them easy to remember.

Let’s look at Example 4-3 again. Using Equation (4-3) and Appendix C, we
have

F = $8,000(F/P, 10%, 4)
— $8,000(1.4641)
— $11,713.

This, of course, is the same result obtained in Example 4-3 since (F/P, 10%, 4) =
(14 0.10)* = 1.4641.

Another example of finding F when given P, together with a cash-flow diagram
and solution, appears in Table 4-2. Note in Table 4-2 that, for each of the six common
discrete compound interest circumstances covered, two problem statements are
given—(1) in borrowing—lending terminology and (2) in equivalence terminology—but
they both represent the same cash-flow situation. Indeed, there are generally many
ways in which a given cash-flow situation can be expressed.

In general, a good way to interpret a relationship such as Equation (4-3) is that
the calculated amount, F, at the point in time at which it occurs, is equivalent to (i.e.,
can be traded for) the known value, P, at the point in time at which it occurs, for
the given interest or profit rate, i.

4.6.2 Finding P when Given F

From Equation (4-2), F = P(1 + i)N. Solving this for P gives the relationship
1 \V N
P=F|—) =F1+i) . (4-4)
141

The quantity (1 + i)~V is called the single payment present worth factor. Numerical
values for this factor are given in the third column of the tables in Appendix C for
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a wide range of values of i and N. We shall use the functional symbol (P/F, i%, N)
for this factor. Hence,

P =F(P/F, i%, N). (4-5)

EXAMPLE 4-4 Present Equivalent of a Future Amount of Money

An investor (owner) has an option to purchase a tract of land that will be worth
$10,000 in six years. If the value of the land increases at 8% each year, how much

oo, should the investor be willing to pay now for this property?
Solution
The purchase price can be determined from Equation (4-5) and Table C-11 in
Appendix C as follows:

P = $10,000(P/F, 8%, 6)
P = $10,000(0.6302)
= $6,302.

Another example of this type of problem, together with a cash-flow diagram
and solution, is given in Table 4-2.

Based on Equations (4-2) and (4-4), the following three simple rules apply when
performing arithmetic calculations with cash flows:

Rule A. Cash flows cannot be added or subtracted unless they occur at the same
point in time.

Rule B. To move a cash flow forward in time by one time unit, multiply the
magnitude of the cash flow by (1 + i), where i is the interest rate that
reflects the time value of money.

Rule C. To move a cash flow backward in time by one time unit, divide the
magnitude of the cash flow by (1 + 1).

4.6.3 Finding the Interest Rate Given P, F, and N

There are situations in which we know two sums of money (P and F) and how
much time separates them (N), but we don’t know the interest rate (i) that makes
them equivalent. For example, if we want to turn $500 into $1,000 over a period
of 10 years, at what interest rate would we have to invest it? We can easily solve
Equation (4-2) to obtain an expression for i.

i= YF/P -1 (4-6)

So, for our simple example, i = \/$1,000/$500 — 1 = 0.0718 or 7.18% per year.
Inflation is another example of when it may be necessary to solve for an interest
rate. Suppose you are interested in determining the annual rate of increase in the
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price of gasoline. Given the average prices in different years, you can use the
relationship between P and F to solve for the inflation rate.

m The Inflating Price of Gasoline

YIDEQ
SOLUTIGNS

The average price of gasoline in 2005 was $2.31 per gallon. In 1993, the average
price was $1.07.* What was the average annual rate of increase in the price of
gasoline over this 12-year period?

Solution

With respect to the year 1993, the year 2005 is in the future. Thus, P = $1.07, F =
$2.31, and N = 12. Using Equation (4-6), we find i = %/2.31/1.07 — 1 = 0.0662
or 6.62% per year.

* This data was obtained from the Energy Information Administration of the Department of Energy. Historical
prices of gasoline and other energy sources can be found at www.eia.doe.gov.

4.6.4 Finding N when Given P, F, and i

Sometimes we are interested in finding the amount of time needed for a present
sum to grow into a future sum at a specified interest rate. For example, how long
would it take for $500 invested today at 15% interest per year to be worth $1,000? We
can use the equivalence relationship given in Equation (4-2) to obtain an expression
for N.

F=P1+i)N
1+dN = (F/P)

Using logarithms,
Nlog(1 + i) = log(F/P)
and
= llc())gg((l—Ffl—Pi))' (4-7)

For our simple example, N = log($1,000/$500)/ log(1.15) = 4.96 = 5 years.

When Will Gasoline Cost $5.00 per Gallon?

In Example 4-5, the average price of gasoline was given as $2.31 in 2005. We
computed the average annual rate of increase in the price of gasoline to be 6.62%.
If we assume that the price of gasoline will continue to inflate at this rate, how
long will it be before we are paying $5.00 per gallon?
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Solution

We have P = $2.31, F = $5.00, and i = 6.62% per year. Using Equation (4-7), we
find

N _ 108(85.00/$2.31) _ log(2.1645)
~ log(1+0.0662)  log(1.0662)

So, if gasoline prices continue to increase at the same rate, we can expect to be
paying $5.00 per gallon in 2017.

= 12.05 years.

4.7 Relating a Uniform Series (Annuity) to Its Present
and Future Equivalent Values

Figure 4-6 shows a general cash-flow diagram involving a series of uniform (equal)
receipts, each of amount A, occurring at the end of each period for N periods with
interest at i% per period. Such a uniform series is often called an annuity. It should
be noted that the formulas and tables to be presented are derived such that A occurs
at the end of each period, and thus,

1. P (present equivalent value) occurs one interest period before the first A
(uniform amount),

2. F (future equivalent value) occurs at the same time as the last A, and N periods
after P, and

3. A (annual equivalent value) occurs at the end of periods 1 through N, inclusive.

The timing relationship for P, A, and F can be observed in Figure 4-6. Four formulas
relating A to F and P will be developed.

4.7.1 Finding F when Given A

If a cash flow in the amount of A dollars occurs at the end of each period for N
periods and i% is the interest (profit or growth) rate per period, the future equivalent
value, F, at the end of the Nth period is obtained by summing the future equivalents

A = Uniform Amounts (Given)

A A A A A
o T T T | T
| 1 2 3 v N-1 | N = Number
: End of Period : of Interest
: i Periods
; i = Interest Rate per Period ;

P = Present Equivalent (Find) F = Future Equivalent (Find)

Figure 4-6 General Cash-Flow Diagram Relating Uniform Series (Ordinary Annuity) to Its Present
Equivalent and Future Equivalent Values
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of each of the cash flows. Thus,
F = A(F/P,i%,N — 1) + A(F/P,i%,N — 2) + A(F/P,i%,N —3) + - - -
+ A(F/P,i%,1) + A(F/P,i%,0)
=AA+DN T+ A+DN 2+ A+ P+ A+ D+ A+

The bracketed terms comprise a geometric sequence having a common ratio
of (1 +i)~!. Recall that the sum of the first N terms of a geometric sequence is
a1 — ban
1-0b
where a7 is the first term in the sequence, ay is the last term, and b is the common
ratio. f weletb = (14+i)~1,a; = 1+ )N"1, and ay = (1 +1)°, then

b #1),

SN =

1
(14Nt - :
r—a (I+1)
— 1 ,
1-— -
(1+1)
which reduces to
SN
F—A [w} . (4-8)

The quantity {[(1 + )N — 1]/i} is called the uniform series compound amount factor.
It is the starting point for developing the remaining three uniform series interest
factors.

Numerical values for the uniform series compound amount factor are given
in the fourth column of the tables in Appendix C for a wide range of values of
i and N. We shall use the functional symbol (F/A, i%, N) for this factor. Hence,
Equation (4-8) can be expressed as

F = A(F/A,i%,N). 4-9)

Examples of this type of “wealth accumulation” problem based on the (F/A, i%, N)
factor are provided here and in Table 4-2.

IEYITTYEAN  Future Value of a College Degree

A recent government study reported that a college degree is worth an extra
$23,000 per year in income (A) compared to what a high-school graduate makes.
If the interest rate (i) is 6% per year and you work for 40 years (N), what is the
future compound amount (F) of this extra income?

Solution

The viewpoint we will use to solve this problem is that of “lending” the $23,000
of extra annual income to a savings account (or some other investment vehicle).
The future equivalent is the amount that can be withdrawn after the 40th deposit
is made.
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F=7?
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Graduate End of Year :
from | | | | \/ | !
College 0 1 2 3 39 40

A = $23,000

Notice that the future equivalent occurs at the same time as the last deposit of
$23,000.

F = $23,000(F/A, 6%, 40)
= $23,000(154.762)
= $3,559,526

The bottom line is “Get your college degree!”

EXAMPLE 4-8

»

VIDEQ
SOLUTIONS

Become a Millionaire by Saving $1.00 a Day!

To illustrate further the amazing effects of compound interest, we consider the
credibility of this statement: “If you are 20 years of age and save $1.00 each day
for the rest of your life, you can become a millionaire.” Let’s assume that you
live to age 80 and that the annual interest rate is 10% (i = 10%). Under these
specific conditions, we compute the future compound amount (F) to be

F = $365/year (F/A,10%, 60 years)
= $365 (3,034.81)
= $1,107,706.

Thus, the statement is true for the assumptions given! The moral is to start saving
early and let the “magic” of compounding work on your behalf!

A few words to the wise: Saving money early and preserving resources through
frugality (avoiding waste) are extremely important ingredients of wealth creation
in general. Often, being frugal means postponing the satisfaction of immediate
material wants for the creation of a better tomorrow. In this regard, be very cautious
about spending tomorrow’s cash today by undisciplined borrowing (e.g., with
credit cards). The (F/A, i%, N) factor also demonstrates how fast your debt can

accumulate!
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4.7.2 Finding P when Given A

From Equation (4-2), F = P(1 + i)N. Substituting for F in Equation (4-8) we
determine that

N
P(l+i)N:A[%]

Dividing both sides by (1 + i)Y, we get

1+)N -1
p:A[%} (4-10)

Thus, Equation (4-10) is the relation for finding the present equivalent value
(as of the beginning of the first period) of a uniform series of end-of-period cash
flows of amount A for N periods. The quantity in brackets is called the uniform series
present worth factor. Numerical values for this factor are given in the fifth column
of the tables in Appendix C for a wide range of values of i and N. We shall use the
functional symbol (P/A, i%, N) for this factor. Hence,

P =A(P/A,i%,N). (4-11)

EXAMPLE 4-9

YIDED
SOLUTIONS

Present Equivalent of an Annuity (Uniform Series)

A micro-brewery is considering the installation of a newly designed boiler
system that burns the dried, spent malt and barley grains from the brewing
process. The boiler will produce process steam that powers the majority of the
brewery’s energy operations, saving $450,000 per year over the boiler’s expected
life of 10 years. If the interest rate is 12% per year, how much money can the
brewery afford to invest in the new boiler system?

Solution

In the cash flow diagram below, notice that the affordable amount (i.e., the
present equivalent, P) occurs one time period (year) before the first end-of-year
cash flow of $450,000.

A = $450,000

N

End of Year

|| - -

o
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The increase in annual cash flow is $450,000, and it continues for 10 years at 12%
annual interest. The upper limit on what the brewery can afford to spend on the
new boiler is:

P = $450,000 (P/A,12%,10)
= $450,000 (5.6502)
= $2,542,590.

How Much Is a Lifetime Oil Change Offer Worth?

D, “Make your best deal with us on a new automobile and we’ll change your oil for
/a: ' :\ free for as long as you own the car!” If you purchase a car from this dealership,
\ \ by you expect to have four free oil changes per year during the five years you keep

= / the car. Each oil change would normally cost you $30. If you save your money

in a mutual fund earning 2% per quarter, how much are the oil changes worth
to you at the time you buy the car?

Solution

In this example, we need to find the present equivalent of the cost of future
oil changes. The cash-flow diagram is shown below. Notice that P occurs one
time period (a quarter of a year, in this example) before the first oil change cash

flow (A).
A = $30
Time of x 1 l [ l
Purchase ! J J J J !
0 1 2 3 /\/ 19 20
: End of Quarter
:
|
i
I
¥
P="?

The interest rate is 2% per quarter, and a total of (4 oil changes/year x 5 years) =
20 oil changes (cash flows) are anticipated.

P =$30(P/A,2%,20)
= $30(16.3514)
= $490.54
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Now you are in a position to determine how great of a deal you are being offered.
If the best price of another dealership is more than $490.54 cheaper than what
you are being offered at this dealership, maybe this deal isn’t so great.

4.7.3 Finding A when Given F
Taking Equation (4-8) and solving for A, we find that

i
A_F|:(l+i)N—l]' (4-12)

Thus, Equation (4-12) is the relation for finding the amount, A, of a uniform
series of cash flows occurring at the end of N interest periods that would be
equivalent to (have the same value as) its future value occurring at the end of
the last period. The quantity in brackets is called the sinking fund factor. Numerical
values for this factor are given in the sixth column of the tables in Appendix C for
a wide range of values of i and N. We shall use the functional symbol (A/F,i%, N)
for this factor. Hence,

A =F(AJF,i%,N). (4-13)

Another example of this type of problem, together with a cash-flow diagram
and solution, is given in Table 4-2.

4.7.4 Finding A when Given P
Taking Equation (4-10) and solving for A, we find that

i(14 N

Thus, Equation (4-14) is the relation for finding the amount, A, of a uniform
series of cash flows occurring at the end of each of N interest periods that would
be equivalent to, or could be traded for, the present equivalent P, occurring at the
beginning of the first period. The quantity in brackets is called the capital recovery
factor.* Numerical values for this factor are given in the seventh column of the tables
in Appendix C for a wide range of values of i and N. We shall use the functional
symbol (A/P, i%, N) for this factor. Hence,

A =P(A/P,i%,N). (4-15)

An example that uses the equivalence between a present lump-sum loan
amount and a series of equal uniform monthly payments starting at the end of
month one and continuing through month four was provided in Table 4-1 as Plan 2.

* The capital recovery factor is more conveniently expressed as i/[1 — (1 4 i)~N] for computation with a hand-held
calculator.
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$17,170
1% interest _
________ Repay
$17,000 $4357.10 $12,941.03
------ Repay
Ag‘g:gt $12,812.90 $4,357.10 $8,669.77
® [  eme====T Repay
$8,583.93 $4357.10  $4,355.80
$4.312.67 ] ;fg’;‘%o
| | | ~0

0 1 2 3 4

End of Month

Figure 4-7 Relationship of Cash Flows for Plan 2 of Table 4-1 to Repayment
of the $17,000 Loan Principal

Equation (4-15) yields the equivalent value of A that repays the $17,000 loan plus
1% interest per month over four months:

A =$17,000(A/P,1%,4) = $17,000(0.2563) = $4,357.10

The entries in columns three and five of Plan 2 in Table 4-1 can now be better
understood. Interest owed at the end of month one equals $17,000(0.01), and
therefore the principal repaid out of the total end-of-month payment of $4,357.10
is the difference, $4,187.10. At the beginning of month two, the amount of prin-
cipal owed is $17,000 — $4,187.10 = $12,812.90. Interest owed at the end of
month two is $12,812.90(0.01) = $128.13, and the principal repaid at that time
is $4,357.10 — $128.13 = $4,228.97. The remaining entries in Plan 2 are obtained by
performing these calculations for months three and four.

A graphical summary of Plan 2 is given in Figure 4-7. Here it can be seen that
1% interest is being paid on the beginning-of-month amount owed and that month-
end payments of $4,357.10, consisting of interest and principal, bring the amount
owed to $0 at the end of the fourth month. (The exact value of A is $4,356.78 and
produces an exact value of $0 at the end of four months.) It is important to note
that all the uniform series interest factors in Table 4-2 involve the same concept as
the one illustrated in Figure 4-7.

Computing Your Monthly Car Payment

You borrow $15,000 from your credit union to purchase a used car. The interest
rate on your loan is 0.25% per month* and you will make a total of 36 monthly
payments. What is your monthly payment?

* A good credit score (rating) can help you secure lower interest rates on loans. The Web site www.
annualcreditreport.comallows you to check your credit score once per year at no cost.
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Solution

The cash-flow diagram shown below is drawn from the viewpoint of the bank.
Notice that the present amount of $15,000 occurs one month (interest period)
before the first cash flow of the uniform repayment series.

A=7?

L e
) I ———"
2d LR
e
L

/\/

|

I

0 1 2 3 35 36
End of Month

P = $15,000

The amount of the car payment is easily calculated using Equation (4-15).
A = $15,000(A/P, /1%, 36)
= $15,000(0.0291)
= $436.50 per month

Another example of a problem where we desire to compute an equivalent
value for A, from a given value of P and a known interest rate and number of
compounding periods, is given in Table 4-2.

For an annual interest rate of 10%, the reader should now be convinced from
Table 4-2 that $1,000 at the beginning of year one is equivalent to $187.45 at the
EOYs one through eight, which is then equivalent to $2,143.60 at EOY eight.

4.7.5 Finding the Number of Cash Flows in an Annuity
Given A, P, and i

Sometimes we may have information about a present amount of money (P), the
magnitude of an annuity (A), and the interest rate (i). The unknown factor in this
case is the number of cash flows in the annuity (N).

m Prepaying a Loan—Finding N

Your company has a $100,000 loan for a new security system it just bought. The
annual payment is $8,880 and the interest rate is 8% per year for 30 years. Your
company decides that it can afford to pay $10,000 per year. After how many
payments (years) will the loan be paid off?
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Solution
The original loan payment was found using Equation (4-15).

A = $100,000 (A/P, 8%, 30) = $100,000 (0.0888) = $8,800 per year

Now, instead of paying $8,880 per year, your company is going to pay $10,000
per year. Common sense tells us that less than 30 payments will be necessary to
pay off the $100,000 loan. Using Equation (4-11), we find

$100,000 = $10,000 (P/A, 8%, N)
(P/A,8%,N) = 10.

We can now use the interest tables provided in Appendix C to find N. Looking
down the Present Worth Factor column (P/A) of Table C-11, we see that

(P/A, 8%, 20) =9.8181
and
(P/A, 8%, 21) = 10.0168.

So, if $10,000 is paid per year, the loan will be paid off after 21 years instead of
30. The exact amount of the 21st payment will be slightly less than $10,000 (but
we'll save that solution for another example).

Spreadsheet Solution

Thereis a financial function in Excel that would allow us to solve for the unknown
number of periods. NPER(rate, pmt, pv) will compute the number of payments
of magnitude pmt required to pay off a present amount (pv) at a fixed interest
rate (rate).

N = NPER(0.08, —10000, 100000) = 20.91

Note that from your company’s viewpoint, it received $100,000 (a cash
inflow) at time 0 and is making $10,000 payments (cash outflows). Hence
the annuity is expressed as a negative number in NPER( ) and the present
amount as a positive number. If we were to reverse the signs—which would
represent the lender’s viewpoint—the same result would be obtained, namely
NPER(0.08, 10000, —100000) = 20.91.

Comment

Prepaying loans can save thousands of dollars in interest. For example, look at
the total interest paid under these two repayment plans.

Original payment plan ($8,880 per year for 30 years):
Total interest paid = $8,880 x 30 — $100,000 = $166,400
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New payment plan ($10,000 per year for 21 years):
Total interest paid = $10,000 x 21 — $100,000 = $110,000

Prepaying the loan in this way would save $56,400 in interest!

4.7.6 Finding the Interest Rate, i, Given A, F, and N

Now let’s look at the situation in which you know the amount (A) and duration (N)
of a uniform payment series. You also know the desired future value of the series (F).
What you don’t know is the interest rate that makes them equivalent. As was the
case for an unknown N, there is no single equation to determine i. However, we
can use the known relationships between i, A, F, and N and the method of linear
interpolation to approximate the interest rate.

m Finding the Interest Rate to Meet an Investment Goal

After years of being a poor, debt-encumbered college student, you decide that
you want to pay for your dream car in cash. Not having enough money now,
you decide to specifically put money away each year ina “dream car” fund. The
car you want to buy will cost $60,000 in eight years. You are going to put aside
$6,000 each year (for eight years) to save for this. At what interest rate must you
invest your money to achieve your goal of having enough to purchase the car
after eight years?

Solution

We can use Equation (4-9) to show our desired equivalence relationship.
$60,000 = $6,000 (F/A, i%, 8)
(F/A, i%, 8) =10

Now we can use the interest tables in Appendix C to help track down the
unknown value of i. What we are looking for are two interest rates, one with
an (F/A, i%, 8) value greater than 10 and one with an (F/A, i%, 8) less than 10.
Thumbing through Appendix C, we find

(F/A, 6%,8) = 9.8975 and (F/A, 7%, 8) = 10.2598,

which tells us that the interest rate we are looking for is between 6% and 7%
per year. Even though the function (F/A,i%, N) is nonlinear, we can use linear
interpolation to approximate the value of i.

The dashed curve in Figure 4-8 is what we are linearly approximating. The
answer, i’, can be determined by using the similar triangles dashed in Figure 4-8.

line dA . line BA
lineed  line CB
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10.2598 |-

(FIA,i%, 8)

10 |-

9.8975 =

Interest Rate per Year

Figure 4-8 Using Linear Interpolation to Approximate i in Example 4-13

i —006 007 - 006
10 — 9.8975  10.2598 — 9.8975

i’ = 0.0628 or 6.28% per year

Soif you can find an investment account that will earn at least 6.28% interest
per year, you'll have the $60,000 you need to buy your dream car in eight years.

Spreadsheet Solution

Excel has another financial function that allows you to solve for an unknown
interest rate. RATE(nper, pmt, pv, fo) will return the fixed interest rate that equates
an annuity of magnitude pmt that lasts for nper periods to either its present value
(pv) or its future value (fv).

i’ = RATE(8, —6000, 0, 60000) = 0.0629 or 6.29% per year

Note that a 0 was entered for pv since we were working with a known future
value in this example.

4.8 Summary of Interest Formulas and Relationships
for Discrete Compounding

Table 4-3 provides a summary of the six most common discrete compound interest
factors, utilizing notation of the preceding sections. The formulas are for discrete
compounding, which means that the interest is compounded at the end of each finite-
length period, such as a month or a year. Furthermore, the formulas also assume
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discrete (i.e., lump sum) cash flows spaced at the end of equal time intervals on a
cash-flow diagram. Discrete compound interest factors are given in Appendix C,
where the assumption is made that i remains constant during the N compounding

periods.

There are also several useful relationships between the compound interest
factors. These relationships are summarized in the following equations.

1
P/F,i%,N) = ——F———; 4-16
BB N) = E P 196, W) (+16
(A/P,i% Ny = — (417)
ST (PUA %, N)
(A/F,i%,N) = L ; (4-18)
7 T EJA, 1%, N)
(F/A,i%,N) = (P/A,i%,N)(F/P,i%,N); (4-19)
N
(P/A,i%,N) = (P/F,i%,k); (4-20)
k=1
Discrete Compounding-Interest Factors and Symbols?
Factor by which Factor
to Multiply Functional
To Find: Given: “Given"? Factor Name Symbol?
For single cash flows:
F P 1+iN Single payment compound (F/P,i%,N)
amount
P F #N Single payment present (P/F,i%,N)
(1+9)
worth
For uniform series (annuities):
F A % Uniform series compound (F/A,i%,N)
amount
p A % Uniform series present (P/A,i%,N)
D worth
A F m Sinking fund (A/F,i%,N)
A p (;(41—7)_71?: Capital recovery (A/P,i%,N)

i equals effective interest rate per interest period; N, number of interest periods; A, uniform series amount

(occurs at the end of each interest period); F, future equivalent; P, present equivalent.
b The functional symbol system is used throughout this book.
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N

(F/A,i%,N) =Y (F/P,i%,N —k); (4-21)
k=1

(A/F,i%,N) = (A/P,i%,N) — i. (4-22)

4.9 Deferred Annuities (Uniform Series)

All annuities (uniform series) discussed to this point involve the first cash flow
being made at the end of the first period, and they are called ordinary annuities.
If the cash flow does not begin until some later date, the annuity is known as a
deferred annuity. If the annuity is deferred for | periods (] < N), the situation is
as portrayed in Figure 4-9, in which the entire framed ordinary annuity has been
moved away from “time present,” or “time zero,” by | periods. Remember that, in
an annuity deferred for | periods, the first payment is made at the end of period
(J + 1), assuming that all periods involved are equal in length.

The present equivalent at the end of period | of an annuity with cash flows of
amount A is, from Equation (4-9), A(P/A,i%, N — ]). The present equivalent of the
single amount A(P/A,i%,N — ]) as of time zero will then be

Py = A(P/A,i%,N — ])(P/F,i%,]).

SIS P O

0 1 J—-1
End of Period

Figure 4-9 General Cash-Flow Representation of a Deferred Annuity
(Uniform Series)

EXAMPLE 4-14

VIDEC
SOLUTIONS

Present Equivalent of a Deferred Annuity

To illustrate the preceding discussion, suppose that a father, on the day his son
is born, wishes to determine what lump amount would have to be paid into an
account bearing interest of 12% per year to provide withdrawals of $2,000 on
each of the son’s 18th, 19th, 20th, and 21st birthdays.

Solution

The problem is represented in the following cash-flow diagram. One should first
recognize that an ordinary annuity of four withdrawals of $2,000 each is involved
and that the present equivalent of this annuity occurs at the 17th birthday when
a (P/A,i%,N — ]) factor is utilized. In this problem, N = 21 and | = 17. It is
often helpful to use a subscript with P or F to denote the respective point in time.
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Hence,
P1y = A(P/A,12%,4) = $2,000(3.0373) = $6,074.60.

A = $2,000

End of Year
R
i 1 2 17 18 19 20 21
i * i = 12% per Year

Py=7 Py = Fpy

Note the dashed arrow in the cash-flow diagram denoting P17. Now that P;7
is known, the next step is to calculate Py. With respect to Py, P17 is a future
equivalent, and hence it could also be denoted Fi7. Money at a given point in
time, such as the end of period 17, is the same regardless of whether it is called
a present equivalent or a future equivalent. Hence,

Py = F17(P/F, 12%, 17) = $6,074.60(0.1456) = $884.46,

which is the amount that the father would have to deposit on the day his son is
born.

Deferred Future Value of an Annuity

When you take your first job, you decide to start saving right away for your
retirement. You put $5,000 per year into the company’s 401(k) plan, which
averages 8% interest per year. Five years later, you move to another job and start
a new 401(k) plan. You never get around to merging the funds in the two plans.
If the first plan continued to earn interest at the rate of 8% per year for 35 years
after you stopped making contributions, how much is the account worth?

Solution

The following cash-flow diagram clarifies the timing of the cash flows for the
original 401(k) investment plan.

End of Year (EOY)

| —\—

5 6 39 40

R

A = $5,000
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The easiest way to approach this is to first find the future equivalent of the
annuity as of time 5.

F5 = $5,000 (F/A, 8%, 5) = $5,000 (5.8666) = $29,333.
To determine Fy4g, F5 can now be denoted P5, and

Fs0 = P5(F/P, 8%, 35) = $29,333 (14.7853) = $433,697.

4.10 Equivalence Calculations Involving Multiple
Interest Formulas

You should now be comfortable with equivalence problems that involve discrete
compounding of interest and discrete cash flows. All compounding of interest
takes place once per time period (e.g., a year), and to this point cash flows also
occur once per time period. This section provides examples involving two or
more equivalence calculations to solve for an unknown quantity. The end-of-year
cash-flow convention is used. Again, the interest rate is constant over the N time
periods.

EXAMPLE 4-16

VIDEC
SOLUTIONS

Calculating Equivalent P, F, and A Values

Figure 4-10 depicts an example problem with a series of year-end cash flows
extending over eight years. The amounts are $100 for the first year, $200 for
the second year, $500 for the third year, and $400 for each year from the
fourth through the eighth. These could represent something like the expected
maintenance expenditures for a certain piece of equipment or payments into
a fund. Note that the payments are shown at the end of each year, which is a
standard assumption (convention) for this book and for economic analyses in
general, unless we have information to the contrary. It is desired to find

(a) the present equivalent expenditure, Py;
(b) the future equivalent expenditure, Fg;
(c) the annual equivalent expenditure, A

of these cash flows if the annual interest rate is 20%. Solve by hand and by using
a spreadsheet.

Solution by Hand

(a) To find the equivalent Py, we need to sum the equivalent values of all
payments as of the beginning of the first year (time zero). The required
movements of money through time are shown graphically in Figure 4-10(a).
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= F1(P/F, 20%, 1) = $100(0.8333) = $83.33
+F>(P/F,20%,2) + $200(0.6944) +138.88
+F3(P/F,20%,3) + $500(0.5787) +289.35
+A(P/A,20%,5) x (P/F,20%,3) + $400(2.9900) x (0.5787) + 692.26
$1,203.82.

(b) To tind the equivalent Fg, we can sum the equivalent values of all payments
as of the end of the eighth year (time eight). Figure 4-10(b) indicates these

End of Year

(a)
$100
X EVF‘ZO?@ 1)$200
“"’SZZ}VF'zo,e 2)
I\\_\\

$400 $400 $4OO $400 $400

—— $500
Py = $1.203.82 X (P/F,20%, 3) xgz&p%jxwﬂm%ﬁ)

=y

(]
(o]

~

-—

End of Year

5 6 7
(b) l ¥ !
$100 !
$200 i

><(IVP 20%, 6) $400  $400  $400  $400  $400
$500 T X (F/A 2677_§S‘i1
X % =i
=x F/P,20%,5 el
( )_f,__;;ggzzz::fﬁ”;ﬁ?
- Fy = $5,176.19

X (F/P,20%,7)

End of Year
0 1 2 3 4 5 6 7 8
(©) T T T T T T T T
l l 1 1 1 1 1 I
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
Y Y ¥ f ¥ 1 ¥ '
A=9$31373 A A A A A A A
L - 4
X (A/P,20%, 8 __— X (A/F,20%, 8
(P20%,8) (A/F,20%,8)
(from a) Fg (from b)

Figure 4-10 Example 4-16 for Calculating the Equivalent P, F,
and A Values
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movements of money through time. However, since the equivalent Py is
already known to be $1,203.82, we can directly calculate

Fg = Po(F/P,20%,8) = $1,203.82(4.2998) = $5,176.19.

(c) The equivalent A of the irregular cash flows can be calculated directly from
either Py or Fg as

A = Py(A/P,20%,8) = $1,203.82(0.2606) = $313.73
or
A = Fs(A/F,20%,8) = $5,176.19(0.0606) = $313.73.

The computation of A from Py and Fg is shown in Figure 4-10(c). Thus, we
find that the irregular series of payments shown in Figure 4-10 is equivalent
to $1,203.82 at time zero, $5,176.19 at time eight, or a uniform series of $313.73
at the end of each of the eight years.

Spreadsheet Solution

Figure 4-11 displays a spreadsheet solution for this example. The present
equivalent (Pp) of the tabulated cash flows is easily computed by using the NPV
function with the stated interest rate (20% in cell B1). The future equivalent (Fg) is
determined from the present equivalent by using the (F/P, i%, N) relationship.
The annual equivalent is also determined from the present equivalent by

. A B [ E
it 7y 0% EOY |Cash Flow
Spreadsheet S ¢ I =i B . ,

. Years in i

Solution, 5 : !

Example 4-16 . SENES =] I d ] *
4 : 1 |§ 10
4 ; 2§ 2o
5 | 3 |8 50
B : 4 % 400
7 ! 5 | 400
d l B |¥ 400
9 i 7 |8 400
10 ; 8 § 400
11
i F= g 1204
. = §[1 5,176
1414 = 5| [ 314

= NPV(B1, E3:E10) J |— = PMT(B1, B2,-B12)

=B12*(1+B1) A B2
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applying the PMT function. The slight differences in results when compared
to the hand solution are due to rounding of the interest factor values in the hand
solution.

m How Much is that Last Payment? (Example 4-12 Revisited)

In Example 4-12, we looked at paying off a loan early by increasing the annual
payment. The $100,000 loan was to be repaid in 30 annual installments of $8,880
at an interest rate of 8% per year. As part of the example, we determined that the
loan could be paid in full after 21 years if the annual payment was increased to
$10,000.

As with most real-life loans, the final payment will be something different
(usually less) than the annuity amount. This is due to the effect of rounding in
the interest calculations—you can’t pay in fractions of a cent! For this example,
determine the amount of the 21st (and final) payment on the $100,000 loan when
20 payments of $10,000 have already been made. The interest rate remains at 8%
per year.

Solution

The cash-flow diagram for this example is shown below. It is drawn from the
lender’s viewpoint.

F=1?

4

i

|

$10,000 :

|

i

1 1
0 1 2 3 /\/ 19 20 21

I End of Year

$100,000

We need to determine the value of F that will make the present equivalent of all
loan payments equal to the amount borrowed. We can do this by discounting
all of the payments to time 0 (including the final payment, F) and setting their
value equal to $100,000.

$10,000 (P/A, 8%, 20) + F (P/F, 8%, 21) = $100,000
$10,000 (9.8181) + F (0.1987) = $100,000
F = $9,154.50
Thus, a payment of $9,154.50 is needed at the end of year 21 to pay off the loan.
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The Present Equivalent of BP's Payment Schedule

o

s

In this example, we answer the question posed at the beginning of the chapter—
what is the present equivalent value of BP’s proposed payment schedule? Recall
that BP will pay $3 billion at the end of the third quarter of 2010 and another $2
billion in the fourth quarter of 2010. Twelve additional payments of $1.25 billion
each quarter thereafter will result in a total of $20 billion having been paid into
the fund. The interest rate is 3% per quarter.

Solution

Figure 4-12 shows the cash-flow diagram for this situation. The present
equivalent of the cash flows is

P = $3 billion (P/F, 3%, 1) + $2 billion (P/F, 3%, 2)
+ $1.25 billion (P/A, 3%, 12) (P/F, 3%, 2)
= $3 billion (0.9709) + $2 billion (0.9426) + $1.25 (9.9540)(0.9426)

= $16.53 billion.
P=?
{
1
1
i
1
1
1
1
: End of Quarter
: 1 2 3 4 5 6 7 8 9 10 11 12 13 14
i | |
0
i L r L i
$1.25 billion
$2 billion
$3 billion

Figure 4-12 Cash-Flow Diagram for Example 4-18

EXAMPLE 4-19

Determining an Unknown Annuity Amount

Two receipts of $1,000 each are desired at the EOYs 10 and 11. To make these
receipts possible, four EOY annuity amounts will be deposited in a bank at EOYs
2,3, 4, and 5. The bank’s interest rate (i) is 12% per year.

(a) Draw a cash-flow diagram for this situation.
(b) Determine the value of A that establishes equivalence in your cash-flow
diagram.

(c) Determine the lump-sum value at the end of year 11 of the completed cash-
flow diagram based on your answers to Parts (a) and (b).
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Solution

(a) Cash-flow diagrams can make a seemingly complex problem much clearer.
The cash-flow diagram for this example is shown below.

$1,000 $1,000

End of Year N 1

3 4 s
A="?

(b) Because the unknown annuity, A, begins at EOY two, it makes sense to

establish our reference year for the equivalence calculations at EOY one

(remember that the first annuity amount follows its P-equivalent amount by
one year). So the P-equivalent at EOY 1 of the four A amounts is

P1 = AP/A, 12%, 4).

Next we calculate the EOY one P-equivalent of $1,000 at EOY 10 and $1,000
at EQY 11 as follows:

Py = $1,000 (P/A, 12%, 2) (P/F, 12%, 8).

The (P/F,12%, 8) factor is needed to discount the equivalent value of the A
amounts at EOY nine to EOY one. By equating both P-equivalents at EOY
one, we can solve for the unknown amount, A.

Py =P,
A(P/A, 12%, 4) = $1,000 (P/A, 12%, 2) (P/F, 12%, 8),

p— )

or
3.0373 A = $682.63
and
A = $224.75.

Therefore, we conclude that deposits of $224.75 at EOYs two, three, four,
and five are equivalent to $1,000 at EOYs 10 and 11 if the interest rate is 12%
per year.

(c) Now we need to calculate the F-equivalent at time 11 of the —$224.75 annuity
in years 2 through 5 and the $1,000 annuity in years 10 and 11.

— $224.75(F/A, 12%, 4) (F/P, 12%, 6) + $1,000 (F/A, 12%, 2)

= —$0.15

This value should be zero, but round-off error in the interest factors causes
a small difference of $0.15.
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Uniform (Arithmetic) Gradient of Cash Flows

Some problems involve receipts or expenses that are projected to increase or
decrease by a uniform amount each period, thus constituting an arithmetic sequence
of cash flows. For example, because of leasing a certain type of equipment,
maintenance and repair savings relative to purchasing the equipment may increase
by a roughly constant amount each period. This situation can be modeled as a
uniform gradient of cash flows.

Figure 4-13 is a cash-flow diagram of a sequence of end-of-period cash flows
increasing by a constant amount, G, in each period. The G is known as the uniform
gradient amount. Note that the timing of cash flows on which the derived formulas
and tabled values are based is as follows:

End of Period Cash Flows

1 OG

2 (HG

3 )G
N-1 (N -2)G

N (N -1G

Notice that the first uniform gradient cash flow, G, occurs at the end of period two.

(N-1)G

) (N-2)G
i = Effective Interest

Rate per Period (N - 3)G

3G

S
S T
SIS B N |

0 1 2 3 4 N
End of Period

2 N-1

Figure 4-13 Cash-Flow Diagram for a Uniform Gradient Increasing
by G Dollars per Period
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4.11.1 Finding P when Given G

The present equivalent, P, of the arithmetic sequence of cash flows shown in
Figure 4-13 is
G(1) G(2) G@3) GIN-2) GIN-1
T T av aror T AN T ar Ny

If we add in the dummy term G(0)/(1 + ! to represent the “missing” cash flow at
time one, we can rewrite the above equation as:

N
_ey =
P02y

n=1

Recognizing the above equation as the summation of a geometric sequence, we can
make the appropriate substitutions as we did in the development of Equation (4-6).
After some algebraic manipulation, we have

S )rfa+dN -1 N
P_G{?[ i1+ N _(1+i)N”' 29

The term in braces in Equation (4-23) is called the gradient to present equivalent
conversion factor. It can also be expressed as (1/i)[(P/A,i%,N) — N(P/F,i%,N)].
Numerical values for this factor are given in column 8 of Appendix C for a wide
assortment of i and N values. We shall use the functional symbol (P/G,i%, N) for
this factor. Hence,

P =G (P/G, i%, N). (4-24)

4.11.2 Finding A when Given G
From Equation (4-23), it is easy to develop an expression for A as follows:

A = P(A/P,i%,N)
=G{1[(1+i)N—l N

i| Q4N _(1+i)N“(A/P’i%’N)

G , .
_Gl._ Ni(1+ )N
i A+DN[A +)N —1]

G N
ERiGEe

1 N

i A+)N-1]"
The term in brackets in Equation (4-25) is called the gradient to uniform series
conversion factor. Numerical values for this factor are given on the right-hand side

Q

(4-25)
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of Appendix C for a range of i and N values. We shall use the functional symbol
(A/G,i%, N) for this factor. Thus,

A=G(A/G, i%, N). (4-26)

4.11.3 Finding F when Given G

We can develop an equation for the future equivalent, F, of an arithmetic series
using Equation (4-23):

F=P(F/P, i%, N)

~frifa+aN -1 N N
_G{? i+ )N _(1+i)N“(1+Z)

_ {M_N}}
1

G NG
= T(F/A’ 1%, N) — — (4-27)

~.| =

Itis usually more practical to deal with present and annual equivalents of arithmetic
series.

4.11.4 Computations Using G

Be sure to notice that the direct use of gradient conversion factors applies when
there is no cash flow at the end of period one, as in Example 4-20. There may be
an A amount at the end of period one, but it is treated separately, as illustrated in
Examples 4-21 and 4-22. A major advantage of using gradient conversion factors
(i.e., computational time savings) is realized when N becomes large.

EXAMPLE 4-20

Using the Gradient Conversion Factors to Find P and A

As an example of the straightforward use of the gradient conversion factors,
suppose that certain EOY cash flows are expected to be $1,000 for the second
year, $2,000 for the third year, and $3,000 for the fourth year and that, if interest
is 15% per year, it is desired to find

(a) present equivalent value at the beginning of the first year,

(b) uniform annual equivalent value at the end of each of the four years.

Solution
$3.000
$2.000
$1,000 T
: : 4 ? |
0 1 2 3 4

End of Year
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Observe that this schedule of cash flows fits the model of the arithmetic gradient
formulas with G = $1,000 and N = 4. Note that there is no cash flow at the end
of the first period.
(a) The present equivalent can be calculated as
Py =G(P/G,15%,4) = $1,000(3.79) = $3,790.
(b) The annual equivalent can be calculated from Equation (4-26) as
A =G(A/G,15%,4) = $1,000(1.3263) = $1,326.30.
Of course, once P is known, the value of A can be calculated as

A = Py(A/P,15%,4) = $3,790(0.3503) = $1,326.30.

m Present Equivalent of an Increasing Arithmetic Gradient Series

As a further example of the use of arithmetic gradient formulas, suppose that
we have cash flows as follows:

End of Year Cash Flows ($)

5,000
6,000
7,000
8,000

= W N =

Also, assume that we wish to calculate their present equivalent at i = 15% per
year, using gradient conversion factors.

Solution

The schedule of cash flows is depicted in the left-hand diagram of Figure 4-14.
The right two diagrams of Figure 4-14 show how the original schedule can be
broken into two separate sets of cash flows, an annuity series of $5,000 plus
an arithmetic gradient of $1,000 that fits the general gradient model for which
factors are tabled. The summed present equivalents of these two separate sets
of cash flows equal the present equivalent of the original problem. Thus, using
the symbols shown in Figure 4-14, we have

Por = Poa + Pog
— A(P/A,15%,4) + G(P/G, 15%, 4)
= $5,000(2.8550) + $1,000(3.79) = $14,275 + 3,790 = $18,065.
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The annual equivalent of the original cash flows could be calculated with
the aid of Equation (4-26) as follows:

Ar = A+ Ac
— $5,000 + $1,000(A/G, 15%, 4) = $6,326.30.

Ar is equivalent to Por because $6,326.30(P/A,15%,4) = $18,061, which is the
same value obtained previously (subject to round-off error).

Pyr
‘Il $8,000 Py Py
| $7,000 \ A
I $6,000 i i
1 $5,000 1 $5,000 1
1 i i
1 1 1 $3,000
1 : : $2,000
! ! ! $1,000 1 r
| | | | o | | | | @ | 4 | .
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
End of Year End of Year End of Year

Figure 4-14 Breakdown of Cash Flows for Example 4-21

VIDEC
SOLUTIONS

Present Equivalent of a Decreasing Arithmetic Gradient Series

For another example of the use of arithmetic gradient formulas, suppose that
we have cash flows that are timed in exact reverse of the situation depicted
in Example 4-21. The left-hand diagram of Figure 4-15 shows the following
sequence of cash flows:

End of Year Cash Flows ($)

8,000
7,000
6,000
5,000

NSO \C R

Calculate the present equivalent at i = 15% per year, using arithmetic gradient
interest factors.

Solution

The right two diagrams of Figure 4-15 show how the uniform gradient can be
broken into two separate cash-flow diagrams. In this example, we are subtracting
an arithmetic gradient of $1,000 from an annuity series of $8,000.
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Pyr Poy
L 88,000 . $8,000 Poc
| $7,000 i 4
I $6,000 I I
| $5,000 1 1
| 1 1
i i 1
I 1 I $2,000 $3,000
: : : $1,000 f
. A
II T T T 1 @ II T T T 1 @ II 1 1 T 1
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
End of Year End of Year End of Year

Figure 4-15 Breakdown of Cash Flows for Example 4-22

So,
Por = Poa — Poc
— A(P/A,15%,4) — G(P/G, 15%, 4)
= $8,000(2.8550) — $1,000(3.79)
= $22,840 — $3,790 = $19,050.

Again, the annual equivalent of the original decreasing series of cash flows
can be calculated by the same rationale:

A = A = A
= $8,000 — $1,000(A/G, 15%, 4)
= $6,673.70.

Note from Examples 4-21 and 4-22 that the present equivalent of $18,065 for
an increasing arithmetic gradient series of payments is different from the present
equivalent of $19,050 for an arithmetic gradient of payments of identical amounts,
but with reversed timing (decreasing series of payments). This difference would
be even greater for higher interest rates and gradient amounts and exemplifies the
marked effect of the timing of cash flows on equivalent values.

4.12 Geometric Sequences of Cash Flows

Some economic equivalence problems involve projected cash-flow patterns that
are changing at an average rate, f, each period. A fixed amount of a commodity
that inflates in price at a constant rate each year is a typical situation that can be
modeled with a geometric sequence of cash flows. The resultant EOY cash-flow
pattern is referred to as a geometric gradient series and has the general appearance
shown in Figure 4-16. Notice that the initial cash flow in this series, A1, occurs at
the end of period one and that Ay = (Ax—1)(1 + f), 2 < k < N. The Nth term in
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Figure 4-16  Cash-Flow Diagram for a Geometric Sequence of Payments Increasing
at a Constant Rate of f per Period

this geometric sequence is Ay = A1(1 + f)N~1, and the common ratio throughout

the sequence is (Ay — Ax_1)/Ar_1 = f. Be sure to notice that f can be positive or
negative.

Each term in Figure 4-16 could be discounted, or compounded, at interest rate i
per period to obtain a value of P or F, respectively. However, this becomes quite
tedious for large N, so it is convenient to have a single equation instead.

The present equivalent of the geometric gradient series shown in Figure 4-16 is

P = A{(P/F,i%,1) + A>(P/F,i%,2) + A3(P/F,i%,3)
+---+AN(P/F,i%,N)
— A0+ T+ A0 +) 2+ A0+ 3+ + ANA+ DN

= A+ +AA+HA+D 2+ AA+H2A+D)3
+o+ A+ HNTA+ N

A1 +D) T +x+22+-..+aN T, (4-28)

where x = (1 + f) /(1 +1). The expression in brackets in Equation (4-28) reduces to
(1+xN)/(1 —x) when x # 1 orf # i. If f =i, then x = 1 and the expression in
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brackets reduces to N, the number of terms in the summation. Hence,
A+ A —-xN)/A—x) f#i
AIN(1 + i)~ f=i,

which reduces to

A1 — A+ Na+HN]

= i—f f A (4-29)
AIN(1 +i)! f=i,
or
A1[1 — (P/F,i%,N)(F/P,f%, N)]* P
P= i—f (4-30)
A;N(P/F,i%,1) f=i

Once we know the present equivalent of a geometric gradient series, we can
easily compute the equivalent uniform series or future amount using the basic
interest factors (A/P,i%,N) and (F/P,i%, N).

Additional discussion of geometric sequences of cash flows is provided in
Chapter 8, which deals with price changes and exchange rates.

VIDEO
SOLUTIONS

Equivalence Calculations for an Increasing Geometric
Gradient Series

Consider the following EOY geometric sequence of cash flows and determine
the P, A, and F equivalent values. The rate of increase is 20% per year after the
first year, and the interest rate is 25% per year.

Solution

$1,000(1.2)*
i

e
-

$1,000(1.2>
$1,000(1.2) ==~ "

$1.000 ___—-~
| T [

0 1 2 3 4
End of Year

b $1,000 [1 — (P/F,25%,4)(F/P,20%,4)]
a 0.25 — 0.20

* Equation (4-30) for f # i is mathematically equivalent to the following:

p= AL P/A,1+f—1,N.
a+p T+f
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$1,000
= 1 — (0.4096)(2.0736
0.05 [ ( ) )}
= $20,000(0.15065)
= $3,013;

A =$3,013(A/P,25%,4) = $1,275.70;
F = $3,013(F/P,25%,4) = $7,355.94.

EXAMPLE 4-24

Equivalence Calculations for a Decreasing Geometric
Gradient Series

Suppose that the geometric gradient in Example 4-23 begins with $1,000 at EOY
one and decreases by 20% per year after the first year. Determine P, A, and F
under this condition.

Solution
The value of f is —20% in this case. The desired quantities are as follows:

P $1,000[1 — (P/F,25%,4)(F/P, —20%,4)]

0.25 — (—0.20)
$1,000 4
_ 1 — (0.4096)(1 — 0.20
0.45 [ ( ) : ]
= $2,222.22(0.83222)
— $1,849.38;

A = $1,849.38(A/P,25%,4) = $783.03;
F = $1,849.38(F /P,25%,4) = $4,515.08.

Using a Spreadsheet to Model Geometric Gradient Series

Create a spreadsheet to solve

(a) Example 4-23
(b) Example 4-24.

Solution
Figure 4-17 displays the spreadsheet solution for this problem. A formula is used
to compute the actual cash flow for each year on the basis of EOY one cash flow

(A1) and the yearly rate of change (f). Once we have the set of EOY cash flows,
P can be computed by using the NPV function. The values of A and F are easily
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A | B A | B |

1 |ifyr= 25% i/ yr= 25%

Bl = 0% Bl = -20%

3 |A - '§ 1,000 A - $ 1,000

4N = 4 BN = 4

5 = $B$3 * (1 + $B$2) A (A7-1) 5

6| EOY 6 EOY 1

7 1 $41,000 7 1 $4 1,000

8 2 $ 1,200 8 2 § 6800

9 3 § 1,440 E 3 $ 640

0 4 $§ 1728 o] 4 § 512

e e X I e
= NPV(B1,B7:B10

121P = 543013 (EL BRI 121P = 541849

13A= §11,276 - 13A= §¢ 763

14F = $97 36 = B LIBY) 4 = 594515
=B12*(1+B1) " B4

(a) Solution to Example 4-23 (b) Solution to Example 4-24

Figure 4-17 Spreadsheet Solution, Example 4-25

derived from the value of P. Note that the structure of the spreadsheets for Parts
(a) and (b) are the same—the only difference is the value of f in cell B2.

SIS A Retirement Savings Plan

VIDEO
SOLUTIONS

On your 23rd birthday you decide to invest $4,500 (10% of your annual salary) in
a mutual fund earning 7% per year. You will continue to make annual deposits
equal to 10% of your annual salary until you retire at age 62 (40 years after you
started your job). You expect your salary to increase by an average of 4% each
year during this time. How much money will you have accumulated in your
mutual fund when you retire?

Solution

Since the amount of your deposit is 10% of your salary, each year the amount
you deposit will increase by 4% as your salary increases. Thus, your deposits
constitute a geometric gradient series with f = 4% per year. We can use Equation
(4-30) to determine the present equivalent amount of the deposits.

P $4,500(1 — (P/F,7%,40)(F/P,4%,40)]

0.07 — 0.04
_ $4,500[1 — (0.0668)(4.8010)]
B 0.03

= $101,894.
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Now the future worth at age 62 can be determined.
F = $101,894(F /P,7 %, 40)
= $101,894(14.9745)
— Wil 828 e,

This savings plan will make you a millionaire when you retire. Moral: Start
saving early!

4.13 Interest Rates that Vary with Time

Student loans under the U.S. government’s popular Stafford program let students
borrow money up to a certain amount each year (based on their year in school and
financial need). Stafford loans are the most common type of educational loan, and
they have a floating interest rate that readjusts every year (but cannot exceed 8.25%
per year). When the interest rate on a loan can vary with time, it is necessary to
take this into account when determining the future equivalent value of the loan.
Example 4-27 demonstrates how this situation is treated.

m Compounding with Changing Interest Rates

Ashea Smith is a 22-year-old senior who used the Stafford loan program to
borrow $4,000 four years ago when the interest rate was 4.06% per year. $5,000

solPED. was borrowed three years ago at 3.42%. Two years ago she borrowed $6,000 at
5.23%, and last year $7,000 was borrowed at 6.03% per year. Now she would like
to consolidate her debt into a single 20-year loan with a 5% fixed annual interest
rate. If Ashea makes annual payments (starting in one year) to repay her total
debt, what is the amount of each payment?

Solution

The following cash-flow diagram clarifies the timing of Ashea’s loans and the
applicable interest rates. The diagram is drawn using Ashea’s viewpoint.

=
- |
=

$7,000
$6,000

4.06% | 3.42% | 5.23% | 6.03%
I I I 1

r R

|
1
End of Year ]

© A s st i
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Before we can find the annual repayment amount, we need to find the current
(time 0) equivalent value of the four loans. This problem can be solved by
compounding the amount owed at the beginning of each year by the interest
rate that applies to each individual year and repeating this process over the four
years to obtain the total current equivalent value.

F_3 = $4,000(F/P,4.06%,1) + $5,000 = $4,000(1.0406)
+ $5,000 = $9,162.40
F_» =$9,162.40(F/P,3.42%,1) + $6,000 = $15,475.75
F_1 = $15,475.75(F/P,5.23%,1) + $7,000 = $23,285.13
Fo = $23,285.13(F /P,6.03%, 1) = $24,689.22

Notice that it was a simple matter to substitute (F/P,i%,N) = (1 + )N for the
noninteger values of i.

Now that we have the current equivalent value of the amount Ashea
borrowed (Fp = Pj), we can easily compute her annual repayment amount
over 20 years when the interest rate is fixed at 5% per year.

A = $24,689.22(A/P,5%,20) = $24,689.22(0.0802) = $1,980.08 per year

Comment

The total principal borrowed was $4,000 + $5,000 + $6,000 + $7,000 = $22,000.
Notice that a total of $17,601.60 (20 x $1,980.08 — $22,000) in interest is repaid
over the entire 20-year loan period. This interest amount is close to the amount
of principal originally borrowed. Moral: Borrow as little as possible and repay
as quickly as possible to reduce interest expense! See www . finaid. com.

To obtain the present equivalent of a series of future cash flows subject to
varying interest rates, a procedure similar to the preceding one would be uti-
lized with a sequence of (P/F,i %, k) factors. In general, the present equivalent
value of a cash flow occurring at the end of period N can be computed using
Equation (4-31), where iy is the interest rate for the kth period (the symbol [ [ means
“the product of”):

F
P= gt
[Tem1 (1 + i)

For instance, if F4 = $1,000 and i1 = 10%, i» = 12%, i3 = 13%, and iy = 10%,
then

(4-31)

P = $1,000[(P/F,10%, 1)(P/F,12%,1)(P/F,13%,1)(P/F,10%, 1)]
= $1,000[(0.9091)(0.8929)(0.8850)(0.9091)] = $653.
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4.14 Nominal and Effective Interest Rates

Very often the interest period, or time between successive compounding, is less
than one year (e.g., daily, weekly, monthly, or quarterly). It has become customary
to quote interest rates on an annual basis, followed by the compounding period if
different from one year in length. For example, if the interest rate is 6% per interest
period and the interest period is six months, it is customary to speak of this rate as
“12% compounded semiannually.” Here the annual rate of interest is known as the
nominal rate, 12% in this case. A nominal interest rate is represented by r. But the
actual (or effective) annual rate on the principal is not 12%, but something greater,
because compounding occurs twice during the year.

Consequently, the frequency at which a nominal interest rate is compounded
each year can have a pronounced effect on the dollar amount of total interest earned.
For instance, consider a principal amount of $1,000 to be invested for three years at
a nominal rate of 12% compounded semiannually. The interest earned during the
first six months would be $1,000 x (0.12/2) = $60.

Total principal and interest at the beginning of the second six-month period is

P + Pi = $1,000 + $60 = $1,060.
The interest earned during the second six months would be
$1,060 x (0.12/2) = $63.60.
Then total interest earned during the year is
$60.00 + $63.60 = $123.60.
Finally, the effective annual interest rate for the entire year is

$123.60
$1,000
If this process is repeated for years two and three, the accumulated (com-

pounded) amount of interest can be plotted as in Figure 4-18. Suppose that the same
$1,000 had been invested at 12% compounded monthly, which is 1% per month.

x 100 = 12.36%.

Figure 4-18 $1,000
Compounded at a Semiannual

Frequency (r = 12%, M = 2) $418.52

$338.23

$262.48

$191.02

Cumulative Amount of Interest Earned ($)

$123.60 :
$60 / Effective Annual Interest Rate
_ 2360 50000y 2 1236%
$1,000.00
| | | | | |
0 i) 1 1% 2 2% 3

End of Year
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The accumulated interest over three years that results from monthly compounding
is shown in Figure 4-19.

The actual or exact rate of interest earned on the principal during one year
is known as the effective rate. It should be noted that effective interest rates are
always expressed on an annual basis, unless specifically stated otherwise. In this
text, the effective interest rate per year is customarily designated by i and the
nominal interest rate per year by r. In engineering economy studies in which
compounding is annual, i = r. The relationship between effective interest, i, and
nominal interest, 7, is

i=14r/MM-1, (4-32)

where M is the number of compounding periods per year. It is now clear from
Equation (4-32) why i > r when M > 1.

The effective rate of interest is useful for describing the compounding effect
of interest earned on interest during one year. Table 4-4 shows effective rates for
various nominal rates and compounding periods.

Interestingly, the federal truth-in-lending law now requires a statement reg-
arding the annual percentage rate (APR) being charged in contracts involving

Figure 4-19

$1,000 Compounded

at a Monthly Frequency
(r=12%, M=12)

$430.77

$269.73

Effective Annual Interest Rate

Cumulative Amount of Interest Earned ($)

_ $126.83 _
= 100%) = 12.689
$1,000.00 (022) 68%
0 1 2 3
End of Year

Effective Interest Rates for Various Nominal Rates and Compounding
Frequencies

Number of Effective Rate (%) for Nominal Rate of

Compounding Compounding Periods

Frequency per Year, M 6% 8% 10% 12% 15% 24%
Annually 1 6.00 8.00 10.00 12.00 15.00 24.00
Semiannually 2 6.09 8.16 10.25 12.36 15.56 25.44
Quarterly 4 6.14 8.24 10.38 12.55 15.87 26.25
Bimonthly 6 6.15 8.27 10.43 12.62 15.97 26.53
Monthly 12 6.17 8.30 10.47 12.68 16.08 26.82
Daily 365 6.18 8.33 10.52 12.75 16.18 27.11
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borrowed money. The APR is a nominal interest rate and does not account for
compounding that may occur, or be appropriate, during a year. Before this
legislation was passed by Congress in 1969, creditors had no obligation to explain
how interest charges were determined or what the true cost of money on a loan was.
As a result, borrowers were generally unable to compute their APR and compare
different financing plans.

EXAMPLE 4-28

VIDEC
SOLUTIONS

Effective Annual Interest Rate

A credit card company charges an interest rate of 1.375% per month on
the unpaid balance of all accounts. The annual interest rate, they claim, is
12(1.375%) = 16.5%. What is the effective rate of interest per year being charged
by the company?

Solution
Equation (4-32) is used to compute the effective rate of interest in this example:

0.165\ 12
= {1+—=—=} —1
1 (+ 12)

= 0.1781, or 17.81%/year.

Note that » = 12(1.375%) = 16.5%, which is the APR. In general, it is true
that » = M(r/M), where r/M is the interest rate per period.

Numerous Web sites are available to assist you with personal finance decisions.
Take a look at www . dinkytown.net and www.bankrate. com.

4.15 Compounding More Often than Once per Year

4.15.1 Single Amounts

If a nominal interest rate is quoted and the number of compounding periods
per year and number of years are known, any problem involving future,
annual, or present equivalent values can be calculated by straightforward use of
Equations (4-3) and (4-32), respectively.

EXAMPLE 4-29

Future Equivalent when Interest Is Compounded Quarterly

Suppose that a $100 lump-sum amount is invested for 10 years at a nominal
interest rate of 6% compounded quarterly. How much is it worth at the end of
the 10th year?

Solution

There are four compounding periods per year, or a total of 4 x 10 = 40 interest
periods. The interest rate per interest period is 6%/4 = 1.5%. When the values
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are used in Equation (4-3), one finds that
F = P(F/P,1.5%,40) = $100.00(1.015)*° = $100.00(1.814) = $181.40.
Alternatively, the effective interest rate from Equation (4-32) is 6.14%. Therefore,

F = P(F/P,6.14%,10) = $100.00(1.0614)'° = $181.40.

4.15.2 Uniform Series and Gradient Series

When there is more than one compounded interest period per year, the formulas
and tables for uniform series and gradient series can be used as long as there is a
cash flow at the end of each interest period, as shown in Figures 4-6 and 4-13 for a
uniform annual series and a uniform gradient series, respectively.

EXAMPLE 4-30

Computing a Monthly Auto Payment

Stan Moneymaker has a bank loan for $10,000 to pay for his new truck. This
loan is to be repaid in equal end-of-month installments for five years with a
nominal interest rate of 12% compounded monthly. What is the amount of each
payment?

Solution

The number of installment payments is 5 x 12 = 60, and the interest rate per
month is 12%/12 = 1%. When these values are used in Equation (4-15), one
finds that

A =P(A/P,1%,60) = $10,000(0.0222) = $222.

Notice that there is a cash flow at the end of each month (interest period),
including month 60, in this example.

Uniform Gradient Series and Semiannual Compounding

Certain operating savings are expected to be 0 at the end of the first six months,
to be $1,000 at the end of the second six months, and to increase by $1,000 at the
end of each six-month period thereafter, for a total of four years. It is desired to
find the equivalent uniform amount, A, at the end of each of the eight six-month
periods if the nominal interest rate is 20% compounded semiannually.

Solution
A cash-flow diagram is given below, and the solution is

A =G(A/G,10%,8) = $1,000(3.0045) = $3,004.50.
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$7,000
$6,000
$5,000
$4,000
0 000$3,000 A=7?
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End of Six-Month Period

End of Six-Month Period

The symbol “<=" in between the cash-flow diagrams indicates that the left-
hand cash-flow diagram is equivalent to the right-hand cash-flow diagram when
the correct value of A has been determined. In Example 4-31, the interest rate
per six-month period is 10%, and cash flows occur every six months.

Finding the Interest Rate on a Loan

Aloan of $15,000 requires monthly payments of $477 over a 36-month period of
time. These payments include both principal and interest.

(a) What is the nominal interest rate (APR) for this loan?
(b) What is the effective interest rate per year?
(c) Determine the amount of unpaid loan principal after 20 months.

Solution

(a) We can set up an equivalence relationship to solve for the unknown interest
rate since we know that P = $15,000, A = $477, and N = 36 months.

$477 = $15,000(A/P, imo, 36)
(A/P, imo,36) = 0.0318

We can now look through Appendix C to find values of i that have an
(A/P, i, 36) value close to 0.0318. From Table C-3 (i = 3/41%), we find
(A/P,3/3%,36) = 0.0318. Therefore,

imo = 0.75% per month
and
r =12 x 0.75% = 9% per year, compounded monthly.
(b) Using Equation (4-32),

. 0.09\'?
legf = [ 1+ EVE — 1 =0.0938 or 9.38% per year.
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(c) We can find the amount of the unpaid loan principal after 20 months by
finding the equivalent value of the remaining 16 monthly payments as of
month 20.

Pyo = $477(P/A,3/s%, 16) = $477(15.0243) = $7,166.59

After 20 payments have been made, almost half of the original principal
amount remains. Notice that we used the monthly interest rate of 3/4% in
our calculation since the cash flows are occurring monthly.

4.16

Interest Formulas for Continuous Compounding
and Discrete Cash Flows

In most business transactions and economy studies, interest is compounded at
the end of discrete periods, and, as has been discussed previously, cash flows are
assumed to occur in discrete amounts at the end of such periods. This practice will be
used throughout the remaining chapters of this book. However, it is evident that in most
enterprises, cash is flowing in and out in an almost continuous stream. Because
cash, whenever it’s available, can usually be used profitably, this situation creates
opportunities for very frequent compounding of the interest earned. So that this
condition can be dealt with (modeled) when continuously compounded interest
rates are available, the concept of continuous compounding is sometimes used
in economy studies. Actually, the effect of this procedure, compared with that of
discrete compounding, is rather small in most cases.

Continuous compounding assumes that cash flows occur at discrete intervals
(e.g., once per year), but that compounding is continuous throughout the interval.
For example, with a nominal rate of interest per year of r, if the interest is
compounded M times per year, one unit of principal will amount to [1 + (r/M)]M
at the end of one year. Letting M/r = p, we find that the foregoing expression

becomes
1777 1\"71"
[1 + —] = [(1 + —) } : (4-33)
p p
Because
1\?
lim (1 - —) =l =271828...,
p—)OO p
Equation (4-33) can be written as e’. Consequently, the continuously compounded
compound amount factor (single cash flow) at r% nominal interest for N years is e'™N.
Using our functional notation, we express this as
(F/P,1%,N) = e'™N. (4-34)

Note that the symbol r is directly comparable to that used for discrete compounding
and discrete cash flows (i%), except that r% is used to denote the nominal rate and
the use of continuous compounding.
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Since "™ for continuous compounding corresponds to (1 + /)N for discrete
compounding, e is equal to (1 + 7). Hence, we may correctly conclude that

i=e¢ -1 (4-35)

By using this relationship, the corresponding values of (P/F), (F/A), and (P/A) for
continuous compounding may be obtained from Equations (4-4), (4-8), and (4-10),
respectively, by substituting ¢" — 1 for i in these equations. Thus, for continuous
compounding and discrete cash flows,

1
(P/F,1%,N) = — =¢™"; (4-36)
e
e’N -1
(F/AIK%I N) = o — 1 ’ (4'37)
1— eer erN -1
(P/AI K%/N) = o —1 = erN(er _ 1) . (4'38)

Values for (A/P,r%,N) and (A/F,r%, N) may be derived through their inverse
relationships to (P/A,r%,N) and (F/A, r%, N), respectively. Numerous continuous
compounding, discrete cash-flow interest factors, and their uses are summarized
in Table 4-5.

Because continuous compounding is used infrequently in this text, detailed
values for (A/F,r%,N) and (A/P,r%, N) are not given in Appendix D. However, the
tables in Appendix D do provide values of (F/P,1%,N), (P/F,1%,N), (F/A,1t%,N),
and (P/A,r%,N) for a limited number of interest rates.

Continuous Compounding and Discrete Cash Flows: Interest Factors
and Symbols?

Factor by which Factor
To Find: Given: to Multiply “Given” Factor Name Functional Symbol
For single cash flows:
F P e'N Continuous compounding compound (F/P,r%,N)
amount (single cash flow)
p F e "N Continuous compounding present (P/F,r%,N)

equivalent (single cash flow)
For uniform series (annuities):

F A eeﬂ,\]—__ll Continuous compounding compound (F/A,r%,N)
amount (uniform series)

P A eﬂ‘i,rzif_ll) Continuous compounding present (P/A,r%,N)
equivalent (uniform series)

A F ;;,—__1] Continuous compounding sinking (A/F,1%,N)
fund

A P Al G Conti ding capital A/P,1%,N

N7 ontinuous compounding capita (A/P,1r%,N)

recovery

7y, nominal annual interest rate, compounded continuously; N, number of periods (years); A, annual equivalent amount
(occurs at the end of each year); F, future equivalent; P, present equivalent.
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Note that tables of interest and annuity factors for continuous compounding
are tabulated in terms of nominal rates of interest per time period.

Continuous Compounding and Single Amounts

You have $10,000 to invest for two years. Your bank offers 5% interest,
compounded continuously for funds in a money market account. Assuming no
additional deposits or withdrawals, how much money will be in that account at
the end of two years?

Solution
F = $10,000 (E/P,r = 5%,2) = $10,000 ¢9@ = $10,000 (1.1052) = $11,052

Comment

If the interest rate was 5% compounded annually, the account would have been
worth

F =$10,000 (F/P,5%,2) = $10,000 (1.1025) = $11,025.

EXAMPLE 4-34

Continuous Compounding and Annual Payments

Suppose that one has a present loan of $1,000 and desires to determine what
equivalent uniform EOY payments, A, could be obtained from it for 10 years if
the nominal interest rate is 20% compounded continuously (M = o).

Solution
Here we utilize the formulation
A=P(A/P,r%,N).

Since the (A/P) factor is not tabled for continuous compounding, we substitute
its inverse (P/A), which is tabled in Appendix D. Thus,

1 1
—Px— —$1000x — — $256.
X P/A 0% 10) ~ 00 % 35551 =%

Note that the answer to the same problem, with discrete annual compound-
ing (M =1),is

A = P(A/P,20%,10)
— $1,000(0.2385) = $239.
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NS SN  Continuous Compounding and Semiannual Payments

An individual needs $12,000 immediately as a down payment on a new home.
@ Suppose that he can borrow this money from his insurance company. He must
repay the loan in equal payments every six months over the next eight years.
The nominal interest rate being charged is 7% compounded continuously. What
is the amount of each payment?

VIDEC
SOLUTIONS

Solution
The nominal interest rate per six months is 3.5%. Thus, A each six months is
$12,000(A/P,r = 3.5%,16). By substituting terms in Equation (4-38) and then
using its inverse, we determine the value of A per six months to be $997:

1 i| _$12,000

= — PR
(P/A,r =3.5%,16) 12.038 ¥

A = $12,000 [

4.17 CASE STUDY—Understanding Economic “Equivalence”

Enrico Suarez just graduated with a B.S. in engineering and landed a new job with
a starting annual salary of $48,000. There are a number of things that he would
like to do with his newfound “wealth.” For starters, he needs to begin repaying his
student loans (totaling $20,000) and he’d like to reduce some outstanding balances
on credit cards (totaling $5,000). Enrico also needs to purchase a car to get to work
and would like to put money aside to purchase a condo in the future. Last, but not
least, he wants to put some money aside for his eventual retirement.

Our recent graduate needs to do some financial planning for which he has
selected a 10-year time frame. At the end of 10 years, he’d like to have paid off his
current student loan and credit card debt, as well as have accumulated $40,000 for
a down payment on a condo. If possible, Enrico would like to put aside 10% of
his take home salary for retirement. He has gathered the following information to
assist him in his planning.*

e Student loans are typically repaid in equal monthly installments over a period
of 10 years. The interest rate on Enrico’s loan is 8% compounded monthly.

e Credit cards vary greatly in the interest rate charged. Typical APR rates are close
to 17%, and monthly minimum payments are usually computed using a 10-year
repayment period. The interest rate on Enrico’s credit card is 18% compounded
monthly.

e Carloans are usually repaid over three, four, or five years. The APR on a car loan
can be as low as 2.9% (if the timing is right) or as high as 12%. As a first-time
car buyer, Enrico can secure a $15,000 car loan at 9% compounded monthly to
be repaid over 60 months.

* The stated problem data are current as of 2014.
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e A 30-year, fixed rate mortgage is currently going for 5.75%-6.0% per year. If
Enrico can save enough to make a 20% down payment on the purchase of
his condo, he can avoid private mortgage insurance that can cost as much as
$60 per month.

e Investment opportunities can provide variable returns. “Safe” investments can
guarantee 7% per year, while “risky” investments could return 30% or more per
year.

e Enrico’s parents and older siblings have reminded him that his monthly take
home pay will be reduced by income taxes and benefit deductions. He should
not count on being able to spend more than 80% of his gross salary.

As Enrico’s friend (and the one who took Engineering Economy instead of
Appreciating the Art of Television Commercials), you have been asked to review
his financial plans. How reasonable are his goals?

Solution

Since all repayments are done on a monthly basis, it makes sense to adopt the
month as Enrico’s unit of time. There are five categories for his cash flows: debt
repayment, transportation costs, housing costs, other living expenses, and savings.
The following paragraphs summarize his estimates of monthly expenses in each
of these categories.

Debt Repayment

Enrico’s student loan debt is $20,000 and is to be repaid over the next 120 months
(10 years) at a nominal interest rate of 8% compounded monthly (i, = 8/12% =
2/3%). His monthly loan payment is then

Agtudent Loan = $20,000(A/P, 2/3%,120) = $20,000(0.01213) = $242.60 per month.

Enrico’s credit card debt is $5,000 and is to be completely repaid over the next 120
months at a nominal interest rate of 18% compounded monthly (o, = 1.5%).
His monthly credit card payment, assuming no additional usage, is then

Acredit card = $5,000(A/P,1.5%,120) = $5,000(0.01802) = $90.10 per month.
Enrico’s monthly debt repayment totals $242.60 + $90.10 = $332.70.

Transportation Costs

The certified pre-owned vehicle Enrico would like to buy costs $15,000. The best
rate he can find as a first-time car buyer with no assets or credit history is 9%
compounded monthly with a 60-month repayment period. Based on these figures,
his monthly car payment will be

Acar = $15,000(A/P,0.75%, 60) = $15,000(0.02076) = $311.40 per month.

Even though the car will be completely repaid after five years, Enrico knows that
he will eventually need to replace the car. To accumulate funds for the replacement
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of the car, he wants to continue to set aside this amount each month for the second
five years.

Insurance for this vehicle will cost $1,200 per year, and Enrico has budgeted
$100 per month to cover fuel and maintenance. Thus, his monthly transportation
costs total $311.40 + $1,200/12 + $100 = $511.40.

Housing Costs

A nice two-bedroom apartment near Enrico’s place of work has a monthly rent of
$800. The rental office provided him with a monthly utility cost estimate of $150
to cover water and electricity. Based on this information, $800 + $150 = $950 per
month has been budgeted for his housing costs.

Other Living Expenses

This expense category has troubled Enrico the most. While all the previous
categories are pretty straightforward, he knows that his day-to-day spending will
have the most variability and that it will be tempting to overspend. Nonetheless,
he has developed the following estimates of monthly living expenses not already
covered in the other categories:

Food $200
Phone $70
Entertainment $100
Miscellaneous

(clothing, household items)  $150
Subtotal $520

Savings

Enrico wants to accumulate $40,000 over the next 10 years to be used as a down
payment on a condo. He feels that if he chooses relatively “safe” investments (CDs
and bonds), he should be able to earn 6% compounded monthly on his savings. He
must then set aside

Acondo = $40,000(A/F,0.5%, 120) = $40,000(0.00610) = $244.00 per month

to reach his goal.

Enrico’s gross monthly starting salary is $48,000/12 = $4,000. Based on the
information gathered from his family, he estimates his monthly net (take home)
pay to be $4,000(0.80) = $3,200. His monthly retirement savings will then be
$3,200(0.10) = $320. Thus, the total amount to be set aside each month for the
future is $244 + $320 = $564.

Monthly Financial Plan

Based on the preceding calculations, the following table summarizes Enrico’s
monthly financial plan.
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Net Income Expense

Salary $3,200

Debt repayment $332.70
Transportation costs 511.40
Housing costs 950.00
Living expenses 520.00
Savings 564.00
Total $3,200 $2,878.10

Enrico is aware that he has not explicitly accounted for price increases over the next
10 years; however, neither has he increased his annual salary. He is hopeful that,
if he works hard, his annual salary increases will at least cover the increase in the
cost of living.

You congratulate your friend on his efforts. You feel that he has covered the
major areas of expenses, as well as savings for the future. You note that he has
$3,200 — $2,878.10 = $321.90 of “extra” money each month to cover unanticipated
costs. With this much leeway, you feel that he should have no problem meeting his
financial goals.

4.18 Try Your Skills

The number in parentheses that follows each problem refers to the section
from which the problem is taken. Solutions to these problems can be found in
Appendix G.

4-A. What lump-sum amount of interest will be paid on a $10,000 loan that was
made on August 1, 2012, and repaid on November 1, 2016, with ordinary
simple interest at 10% per year? (4.2)

4-B. The municipality of Smallville has arranged to borrow $30 million in order
to implement several public projects (flood control, school security, etc.). The
interest rate will be 3% per year, payable at the end of each year. This $30
million debt will be retired by making principal payments of $5 million at
the end of each year. The Board of Supervisors is concerned that it will take
too long to pay off this debt. How many years will it take to retire this $30
million debt and its associated interest payments? (4.3).

4-C. Your spendthrift cousin wants to buy a fancy watch for $425. Instead, you
suggest that she buy an inexpensive watch for $25 and save the difference of
$400. Your cousin agrees with your idea and invests $400 for 40 years in an
account earning 9% interest per year. How much will she accumulate in this
account after 40 years have passed? (4.6)

4-D. What is the present equivalent of $18,000 to be received in 15 years when the
interest rate is 7% per year? (4.6)



4-E.

4-F.
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4-K.

4-L.
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The price of oil in 2005 was $67 per barrel. “This price is still lower than the
price of oil in 1981” says a government publication. If inflation has averaged
3.2% per year from 1981 to 2005, what was the price per barrel of oil in
19817 (4.6)

How long does it take (to the nearest whole year) for $1,000 to quadruple in
value when the interest rate is 15% per year? (4.6)

The first U.S. congress in 1789 set the president’s salary at $25,000 per year. In
2014, the president’s salary is $400,000 each year. What is the compounded
average annual increase in the president’s salary for the past 225 years? (4.6)

An enterprising student invests $1,000 at an annual interest rate that will grow
the original investment to $2,000 in 4 years. In 4 more years, the amount will
grow to $4,000, and this pattern of doubling every 4 years repeats over a total
time span of 36 years. How much money will the student gain in 36 years?
What is the magical annual interest rate the student is earning? (4.6)

. At a certain state-supported university, annual tuition and fees have risen

dramatically in recent years as shown in the table below. (4.6)

Consumer Price

Year Tuition and Fees Index
1982-1983 $827 96.5
1987-1988 $1,404 113.6
1993-1994 $2,018 144.5
2003-2004 $4,450 184.0
2005-2006 $5,290 198.1 (est.)

Source: www . bls .gov.

a. Ifall tuition and fees are paid at the beginning of each academic year, what
is the compound annual rate of increase from 1982 to 2005?

b. What is the annual rate of increase from 1993 to 2005?

c¢. How do the increases in Parts (a) and (b) compare with the CPI for the
same period of time?

. The cost of 1,000 cubic feet of natural gas has increased from $6 in 2000 to

$15 in 2006. What compounded annual increase in cost is this? How does the
increase in the cost of natural gas compare to a 3% annual rate of inflation
during the same period of time? (4.6)

If a certain machine undergoes a major overhaul now, its output can be
increased by 20%, which translates into additional cash flow of $20,000 at
the end of each year for 5 years. If i = 15% per year, how much can we afford
to invest to overhaul this machine? (4.7)

Albert Einstein once noted that “compounding of interest is one of humanity’s
greatest inventions.” To illustrate the mind-boggling effects of compounding,
suppose $100 is invested at the end of each year for 25 years at i = 50% per
year. In this case, the accumulated sum is $5,050,000! Now it is your turn.
What amount is accumulated after 25 years if the interest rate is 30% per
year? (4.7)
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4-M.

4-N.

4-P.

4-Q.

4-S.

One of life’s great lessons is to start early and save all the money you can! If
you save $2 today and $2 each and every day thereafter until you are 60 years
old (say $730 per year for 35 years), how much money will you accumulate
if the annual interest rate is 7%? (4.7)

A large retailer is going to run an experiment at one of its stores to see how
cost effective it will be to imbed merchandise with small radio frequency
identification (RFID) chips. Shoppers will select items from the store and
walk out without stopping to pay at a checkout lane. The RFID chips will
record what items are taken and will automatically deduct their price from
shoppers” bank accounts. The retailer expects to save the cost of staffing
12 checkout lanes, which amounts to $100,000 per year. How much can
the retailer afford to spend on its RFID investment if the system has a life
of 10 years and no residual value? The retailer’s interest rate is 15% per
year. (4.7)

Jason makes six EOY deposits of $2,000 each in a savings account paying
5% compounded annually. If the accumulated account balance is withdrawn
4 years after the last deposit, how much money will be withdrawn? (4.7)

You can buy a machine for $100,000 that will produce a net income, after
operating expenses, of $10,000 per year. If you plan to keep the machine for
4 years, what must the market (resale) value be at the end of 4 years to justify
the investment? You must make a 15% annual return on your investment. (4.7)

An expenditure of $20,000 is made to modify a material-handling system in
a small job shop. This modification will result in first-year savings of $2,000,
a second-year savings of $4,000, and a savings of $5,000 per year thereafter.
How many years must the system last if an 18% return on investment is
required? The system is tailor made for this job shop and has no market
(salvage) value at any time. (4.10)

Find the uniform annual amount that is equivalent to a uniform gradient
series in which the first year’s payment is $500, the second year’s payment
is $600, the third year’s payment is $700, and so on, and there are a total of
20 payments. The annual interest rate is 8%. (4.11)

A geometric gradient has a positive cash flow of $1,000 at EOY zero (now),
and it increases 5% per year for the following 5 years. Another geometric
gradient has a positive value of $2,000 at the EOY 1, and it decreases 6%
per year for years two through five. If the annual interest rate is 10%, which
geometric gradient would you prefer? (4.12)

In a geometric sequence of annual cash flows starting at the EOY zero, the
value of Ag is $1,304.35 (which is a cash flow). The value of the last term in the
series, Ayg, is $5,276.82. What is the equivalent value of A for years 1 through
10? Let i = 20% per year. (4.12)

. Compute the effective annual interest rate in each of these situations: (4.14)

a. 10% nominal interest, compounded semiannually.
b. 10% nominal interest compounded quarterly.

c. 10% nominal interest compounded weekly.
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4-V. A mortgage banking company has been evaluating the merits of a 50-year
mortgage (in addition to their popular 30-year mortgage). The basic idea is
to reduce the monthly payment and make home ownership more affordable.
The APR of either mortgage is 6%, and the compounding is monthly. (4.15)

a. For a mortgage loan of $300,000, what is the difference in the monthly
payment for the 30-year mortgage and the 50-year mortgage?

b. What is the difference in total interest paid between the two mortgages?

4-W. A health club offers you a special low membership rate of $29 per month for
a “guaranteed no price increase” period of 100 months. The manager of the
club tells you proudly that “this $29 a month for a lifetime membership is
less expensive than a major medical treatment for heart disease costing $4,000
one hundred months from now.” If your personal interest rate is 9% (APR)
compounded monthly, is the manager correct in his statement? (4.15)

4-X. On January 1, 2005, a person’s savings account was worth $200,000. Every
month thereafter, this person makes a cash contribution of $676 to the ac-
count. If the fund was expected to be worth $400,000 on January 1, 2010,
what annual rate of interest was being earned on this fund? (4.15)

4-Y. An effective annual interest rate of 35% has been determined with continuous
compounding. What is the nominal interest rate that was compounded
continuously to get this number? (4.16)

4-7Z. A bank offers a nominal interest rate (APR) of 6%, continuously com-
pounded. What is the effective interest rate? (4.16)

4.19 Summary

Problems

Chapter 4 presented the fundamental time value of money relationships that
are used throughout the remainder of this book. Considerable emphasis has
been placed on the concept of equivalence—if two cash flows (or series of cash
flows) are equivalent for a stated interest rate, you are willing to trade one
for the other. Formulas relating present and future amounts to their equivalent
uniform, arithmetic, and geometric series have been presented. You should feel
comfortable with the material in this chapter before embarking on your journey
through subsequent chapters. Important abbreviations and notation are listed in
Appendix B.

In the next chapter, we will see how to apply time value of money relationships
to the estimated cash flows of a project (the topic of Chapter 3) to arrive at a measure
of its economic worth.

The number in parentheses that follows each problem  family, you are only being charged simple interest at the
refers to the section from which the problem is taken. rate of 0.5% per month. How much will you owe after

6 months? How much is the interest? (4.2)

4-1. You borrow $500 from a family member and agree ~ 4-2. What is the future equivalent of $1,000 invested at
to pay it back in 6 months. Because you are part of the 6% simple interest per year for 3% years? (4.2)
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4-3. The interest rate on short-term German bonds
is —0.1%. Explain how this is possible and what it
means. (4.3, 4.4)

4-4. Compare the interest earned by P dollars at i%
per year simple interest with that earned by the
same amount P for five years at i% compounded
annually. (4.2)

4-5. How much interest is payable each year on a loan of
$2,000 if the interest rate is 10% per year when half of
the loan principal will be repaid as a lump sum at the
end of four years and the other half will be repaid in one
lump-sum amount at the end of eight years? How much
interest will be paid over the eight-year period? (4.4)

4-6. Suppose that, in Plan 1 of Table 4-1, $8,500 of the
original unpaid balance is to be repaid at the end of
months two and four only. How much total interest
would have been paid by the end of month four? (4.4)

4-7. Refer to Plan 2 in Table 4-1. This is the customary
way to pay off loans on automobiles, house mortgages,
etc. A friend of yours has financed $24,000 on the
purchase of a new automobile, and the annual interest
rate is 12% (1% per month). (4.4)

a. Monthly payments over a 60-month loan period will
be how much?

b. How much interest and principal will be paid in the
third month of this loan?

4-8. Jonathan borrowed $10,000 at 6% annual
compound interest. He agreed to repay the loan with
five equal annual payments at end-of-years 1-5. How
much of the annual payment is interest, and how much
principal is there in each annual payment? (4.4)

4-9. Suppose you contribute $10 per week ($520 per
year) into an interest-bearing account that earns 6% a
year (compounded once per year). That’s probably one
less pizza per week! But if you contribute faithfully each
week into this account, how much money would you
have saved through the compounding of interest by the
end of 15 years? (4.6)

4-10. Alump-sum loan of $5,000 is needed by Chandra
to pay for college expenses. She has obtained small
consumer loans with 12% interest per year in the past
to help pay for college. But her father has advised
Chandra to apply for a PLUS student loan charging
only 8.5% interest per year. If the loan will be repaid in
full in five years, what is the difference in total interest
accumulated by these two types of student loans? (4.6)

4-11. You have just invested a one-time amount of
$5,000 in a stock-based mutual fund. This fund should
earn (on average) 9% per year over a long period of
time. How much will your investment be worth in
35 years? (4.6)

4-12. A12-cylinder heavy-duty diesel engine will have
a guaranteed residual value of $1,000 in 5 years. Today
(year 0) the equivalent worth of this engine is how much
if the interest rate is 9% per year? (4.6)

4-13. You just inherited $10,000. While you plan
to squander some of it away, how much should
you deposit in an account earning 5% interest per
year if you'd like to have $10,000 in the account in
10 years? (4.6)

4-14. A certain college graduate, Sallie Evans, has
$24,000 in student-loan debt at the end of her college
career. The interest rate on this debt is 0.75% per month.
If monthly payments on this loan are $432.61, how
many months will it take for Sallie to repay the entire
loan? (4.6)

4-15. Mr. Smith has saved $1,800 each year for 20
years. A year after the saving period ended, Mr. Smith
withdrew $7,500 each year for a period of 5 years. In
the sixth and seventh years, he only withdrew $5,000
per year. In the eighth year, he decided to withdraw
the remaining money in his account. If the interest rate
was 6% per year throughout the whole period, what
was the amount he withdrew at the end of the eighth
year? (4.10)

4-16. Use the rule of 72 to determine how long it takes
to accumulate $10,000 in a savings account when P =
$5,000 and i = 10% per year. (4.6)

Rule of 72: The time (years) required to double the
value of a lump-sum investment that is allowed to
compound is approximately

72 — annual interest rate (as a %).

4-17. In 1803, Napoleon sold the Louisiana Territory to
the United States for $0.04 per acre. In 2014, the average
value of an acre at this location is $10,000. What annual
compounded percentage increase in value of an acre of
land has been experienced? (4.7)

4-18. Calculate the compounded future value of 20
annual payments of $5,000 each into a savings account
that earns 6% per year. All 20 payments are made at the
beginning of each year. (4.6)



4-19. In 2014, the average debt for college student loans
is $28,700. This amounts to a $330 monthly payment for
a “standard” loan repayment plan over 10 years. What
monthly interest rate is being charged on this typical
student loan? (4.6)

4-20. In 1885, first-class postage for a one-ounce letter
cost $0.02. The same postage in 2015 costs $0.49.
What compounded annual increase in the cost of first-
class postage has been experienced over this period of
time? (4.6)

4-21. A good stock-based mutual fund should earn at
least 10% per year over a long period of time. Consider
the case of Barney and Lynn, who were overheard
gloating (for all to hear) about how well they had
done with their mutual fund investment. “We turned
a $25,000 investment of money in 1982 into $100,000 in
2007.” (4.6)

a. What return (interest rate) did they really earn on
their investment? Should they have been bragging
about how investment-savvy they were?

b. Instead, if $1,000 had been invested each year for
25 years to accumulate $100,000, what return did
Barney and Lynn earn?

4-22. In 1972, the maximum earnings of a worker
subject to Social Security tax (SST) was $9,000. The
maximum earnings subject to SST in 2012 is $110,100.
What compound annual increase has been experienced
over this 40-year period of time? How does it compare
with a 3% annual increase in the consumer price index
over this same period of time? (4.6)

4-23. The value of an investment comes from its cash
flows. Let’s say you are intent on receiving $45,000 per
year, starting at the end of year one and continuing over
10 years. A lump-sum of $380,000 invested now (year 0)
will allow you to receive your desired annual amount.
What interest rate is required to make this happen?
4.7)

4-24. The Dominion Freight Company has invested
$50,000 in a new sorting machine that is expected to
produce a return of $7,500 per year for the next 10
years. At a 7% annual interest rate, is this investment
worthwhile? (4.7)

4-25. Your parents make 20 equal annual deposits of
$2,000 each into a bank account earning 3% interest per
year. The first deposit will be made one year from today.
How much money can be withdrawn from this account
immediately after the 20th deposit? (4.7)
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4-26. Football coach Ira Blooper has just been fired as
head coach at a large university. His buyout amount
is $7.5 million, and Blooper will be repaid (as per his
contract) in monthly installments over the next 4 years.
If the interest rate is 1% per month, how much will
Blooper receive each month? (4.7)

% 4-27. A credit card company wants your business.
If you accept their offer and use their card, they will
deposit 1% of your monetary transactions into a savings
account that will earn a guaranteed 5% per year. If
your annual transactions total an average of $20,000,
how much will you have in this savings plan after
15 years? (4.7)

4-28. Enrico Suarez (see Section 4.17) has decided to
purchase a house instead of renting an apartment. He
can afford a monthly payment of $800, and he has
saved $6,000 to use as a down-payment on a house.
If the mortgage is 4% nominal interest (compounded
monthly) on a 30-year loan, how much can Enrico afford
to spend on a house? (4.7, 4.14)

4-29. Liam O’Kelly is 20 years old and is thinking about
buying a term life insurance policy with his wife as
the beneficiary. The quoted annual premium for Liam
is $8.48 per thousand dollars of insurance coverage.
Because Liam wants a $100,000 policy (whichis 2.5 times
his annual salary), the annual premium would be $848,
with the first payment due immediately (i.e., at age 21).

A friend of Liam’s suggests that the $848 annual
premium should be deposited in a good mutual fund
rather than in the insurance policy. “If the mutual fund
earns 10% per year, you can become a millionaire by the
time you retire at age 65,” the friend advises. (4.7)

a. Is the friend’s statement really true?

b. Discuss the trade-off that Liam is making if he
decides to invest his money in a mutual fund.

4-30. Luis wants to have $2,000,000 in net worth when
he retires. To achieve this goal, he plans to invest
$10,000 each year (starting one year from now) into an
account that earns 10% interest compounded annually.
The amount of time before Luis can retire as a multi-
millionaire is how many years? (4.7)

4-31. Twelve payments of $10,000 each are to be repaid
monthly at the end of each month. The monthly interest
rate is 2%. (4.7)

a. What is the present equivalent (i.e., Py) of these
payments?
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b. Repeat Part (a) when the payments are made at
the beginning of the month. Note that the present
equivalent will be at the same time as the first
monthly payment.

c. Explain why the present equivalentamounts in Parts
(a) and (b) are different.

4-32. An outright purchase of $20,000 now (a lump-
sum payment) can be traded for 24 equal payments of
$941.47 per month, starting one month from now. What
is the monthly interest rate that establishes equivalence
between these two payment plans? (4.7)

| Mg« | 4-33. Automobiles of the future will most likely
"\ bemanufactured largely with carbon fibers made
from recycled plastics, wood pulp, and cellulose.
Replacing half the ferrous metals in current automobiles
could reduce a vehicle’s weight by 60% and fuel
consumption by 30%. One impediment to using carbon
fibers in cars is cost. If the justification for the extra
sticker price of carbon-fiber cars is solely based on fuel
savings, how much extra sticker price can be justified
over a six-year life span if the carbon-fiber car would
average 39 miles per gallon of gasoline compared to a
conventional car averaging 30 miles per gallon? Assume
that gasoline costs $4.00 per gallon, the interest rate is
20% per year, and 117,000 miles are driven uniformly
‘over six years. (4.7)

4-34. 1t is estimated that a certain piece of equipment
can save $22,000 per year in labor and materials costs.
The equipment has an expected life of five years
and no market value. If the company must earn a
15% annual return on such investments, how much
could be justified now for the purchase of this piece
of equipment? Draw a cash-flow diagram from the
company’s viewpoint. (4.7)

4-35. Spivey just won the Powerball lottery! The
$20,000,000 jackpot will be paid in 20 annual
installments of $1,000,000 each, with the first payment
to be paid immediately. Spivey’s opportunity cost of
capital (interest rate) is 6% per year. What is the present
equivalent of Spivey’s lottery winnings at the time of
the first payment? (4.7)

| .| 4-36. A geothermal heat pump can save up to

1| 80% of the annual heating and cooling bills of
a certain home in the northeastern U.S. In this region,
the yearly cost of conventionally heating and cooling a
2,000 square foot house is about $2,500. With a federal
tax credit of 30% on the total installation of the system,
'how much can a homeowner afford to spend for a

geothermal heat pump if the interest rate is 9% per year?
The expected life of the heat pump is 15 years. (4.7)

%4-| 4-37. The Anderson County board of super-
a ‘| visors has agreed to fund an ambitious project
that will “spend money now to save much more money
in the future.” A total of $16.2 million will be awarded
to the York Corporation for energy improvements in
40 buildings, 27 parks, and 37 traffic intersections.
These improvements include lighting upgrades, solar
hot water collectors, more efficient heating/cooling
systems, and light-emitting diodes for traffic signals.
Bonds paying 7% per year over the next 15 years will
be used to pay for these improvements. If the annual
savings fail to average $2 million, York Corporation will
reimburse the county the difference. Will York need to
pay any money to the county? If so, how much? (4.7)

4-38. The U.S. stock market has returned an average of
about 9% per year since 1900. This return works out to a
real return (i.e., adjusted for inflation) of approximately
6% per year. (4.7)

a. If you invest $100,000 and you earn 6% a year on it,
how much real purchasing power will you have in
30 years?

b. If youinvest $5,000 per year for 20 years, how much
real purchasing power will you have at the end of
30 years? The interest rate is 6% per year.

4-39. A 45-year-old person wants to accumulate
$750,000 by age 70. How much will she need to save
each month, starting one month from now, if the interest
rate is 0.5% per month? (4.7)

| 2#=| 4-40. Qwest Airlines has implemented a pro-

L

" \"| gramtorecycleall plastic drink cups used on their

aircraft. Their goal is to generate $5 million by the end of
the recycle program’s five-year life. Each recycled cup
can be sold for $0.005 (1/2 cent). (4.7)

a. How many cups must be recycled annually to meet
this goal? Assume uniform annual plastic cup usage
and a 0% interest rate.

b. Repeat Part (a) when the annual interest rate is 15%.

¢. Why is the answer to Part (b) less than the answer
to Part (a)?

4-41. Show that the following relationship is true:
(A/P,i%,N) =i/[1 — (P/F,i%,N)]. (4.7)



4-42. A large electronic retailer is considering the pur-
chase of software that will minimize shipping expenses
in its supply chain network. This software, including
installation and training, would be a $10-million
investment for the retailer. If the firm's effective interest
rate is 15% per year and the life of the software is four
years, what annual savings in shipping expenses must
there be to justify the purchase of the software? (4.7)

Y« | 4-43. A large automobile manufacturer has
" \"'| developed a continuous variable transmission
(CVT) that provides smooth shifting and enhances fuel
efficiency by 2 mpg of gasoline. The extra cost of a CVT
is $800 on the sticker price of a new car. For a particular
model averaging 28 miles per gallon with the CVT, what
is the cost of gasoline (dollars per gallon) that makes this
option affordable when the buyer’s interest rate is 10%
per year? The car will be driven 100,000 miles uniformly
over an eight-year period. (4.7)

4-44. The Dell Corporation borrowed $10,000,000 at
7% interest per year, which must be repaid in equal
EQOY amounts (including both interest and principal)
over the next six years. How much must Dell repay at
the end of each year? How much of the total amount
repaid is interest? (4.7)

4-45. The cost to equip a large cruise ship with security
cameras is $500,000. If the interest rate is 15% per year
and the cameras have a life of six years, what is the
equivalent annual cost (A) of the security cameras? (4.7)

4-46. A piece of airport baggage handling equipment
can be purchased for $80,000 cash or for $84,000 to be
financed over 60 months at 0% interest. This special
offer is good for only the next two days. The salesperson
states that at least $20,000 can be saved by the 0% offer
compared to their “traditional” financing plan at 0.75%
per month over 60 months. Is this claim really true?
Show all your work. (4.7)
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4-47. The Golden Gate Bridge in San Francisco was
financed with construction bonds sold for $35 million
in 1931. These were 40-year bonds, and the $35 million
principal plus almost $39 million in interest were repaid
in total in 1971. If interest was repaid as a lump
sum, what interest rate was paid on the construction
bonds? (4.6)

4-48. Rework Problem 4-47 assuming the construction
bonds had been retired as an annuity (i.e., equal uni-
form annual payments had been made to repay the
$35 million). (4.7)

4-49. Consider the accompanying cash-flow diagram.
(See Figure P4-49.) (4.7)

a. If P = $1,000, A = $200, and i% = 12% per year,
then N =7

b. If P = $1,000, A = $200, and N = 10 years, then
i=7?

c. If A=%200,i% = 12% per year, and N = 5 years,
then P =7

d. If P =$1,000,i% = 12% per year, and N = 5 years,
then A =7

4-50. Suppose that your rich uncle has $1,000,000 that
he wishes to distribute to his heirs at the rate of $100,000
per year. If the $1,000,000 is deposited in a bank account
that earns 6% interest per year, how many years will it
take to completely deplete the account? How long will
it take if the account earns 8% interest per year instead
of 6%? (4.7)

4-51. Today the average undergraduate student is
responsible for paying off a $3,500 balance on his/her
credit card. Suppose the monthly interest rate is 1.75%
(21% APR). How many months will it take to repay the
$3,500 balance, assuming monthly payments of $100
are made and no additional expenses are charged to the

Py
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Figure P4-49 Figure for Problem 4-49
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credit card? [What is the APR on your personal credit
card(s)?] (4.7)

4-52. You have just inherited $100,000 as a lump-sum
amount from your distant aunt. After depositing the
money in a practically risk-free certificate of deposit
(CD) earning 5% per year, you plan to withdraw $10,000
per year for your living expenses. How many years will
your $100,000 last in view of these withdrawals? (Hint:
It is longer than 10 years!) (4.7)

| - | 4-53. Suppose you drive a 2013 model auto-
1""| mobile thataverages 25 miles per gallon (mpg) for
15,000 miles annually. If you purchase a new automobile
that averages 30 mpg, how much extra money can you
afford, based on fuel savings, to invest in the new car?
Your personal interest rate is 6% per year, and you keep
the new automobile for 5 years. Gasoline costs $4.00 per
|gallon. (4.7)

4-54. Kris borrows some money in her senior year to
buy a new car. The car dealership allows her to defer
payments for 12 months, and Kris makes 48 end-of-
month payments thereafter. If the original note (loan) is
for $28,000 and interest in 0.5% per month on the unpaid
balance, how much will Kris” payment be? (4.9)

4-55. Leon and Heidi decided to invest $3,000 annually
for only the first eight years of their marriage. The first
payment was made at age 25. If the annual interest rate
is 10%, how much accumulated interest and principal
will they have at age 65? (4.9)

4-56. How much money should be deposited each year
for 12 years if you wish to withdraw $309 each year for
five years, beginning at the end of the 14th year? Let
i = 8% per year. (4.9)

4-57. What lump sum of money must be deposited
into a bank account at the present time so that $500
per month can be withdrawn for five years, with
the first withdrawal scheduled for six years from
today? The interest rate is 3/4% per month. (Hint:
Monthly withdrawals begin at the end of the month
72.) (4.9)

4-58. Lisa plans to retire on her 61st birthday. On her
22nd birthday, Lisa will start saving $A per year for
40 years. Starting on her 62nd birthday, Lisa plans on
withdrawing $10,000 and will continue these annual
withdrawals until the account is exhausted on her 85th
birthday. If Lisa’s bank account pays 3% per year, what
annual amount of $A will Lisa need to invest in her bank
account to achieve her retirement goal? (4.10)

4-59. Major overhaul expenses of $5,000 each are
anticipated for a large piece of earthmoving equipment.
The expenses will occur at EOY four and will continue
every three years thereafter up to and including year 13.
The interest rate is 12% per year. (4.10)

a. Draw a cash-flow diagram.

b. What is the present equivalent of the overhaul
expenses at time 0?

c. What is the annual equivalent expense during only
years 5-13?

4-60. Maintenance expenses for a bridge on the Ohio
River are estimated to be $20,000 per year for the
first 8 years, followed by two separate $100,000
expenditures in years 12 and 18. The expected life of
the bridge is 30 years. If i = 6% per year, what is
the equivalent uniform annual expense over the entire
30-year period? (4.10)

4-61. It is estimated that you will pay about $80,000
into the Social Security system (FICA) over your 40-year
work span. For simplicity, assume this is an annuity of
$2,000 per year, starting with your 26th birthday and
continuing through your 65th birthday. (4.10)

a. What is the future equivalent worth of your Social
Security savings when you retire at age 65 if the
government’s interest rate is 6% per year?

b. Whatannual withdrawal can you make if you expect
to live 20 years in retirement? Let i = 6% per year.

4-62. A father wants to set up a bank account that will
pay his daughter $18,000 at the end-of-quarter (EOQ)
4 and $32,000 at EOQ 8. He will fund this account by
making quarterly payments of $X from the present (time
zero) through EOQ 7.

a. Draw a cash-flow diagram from the father’s
viewpoint.

b. If the quarterly percentage rate is 2%, what is the
value $X that must be deposited into the account?

4-63. The Turners have 10 years to save a lump-sum
amount for their child’s college education. Today a
four-year college education costs $75,000, and this is
expected to increase by 10% per year into the foreseeable
future. (4.10)

a. IftheTurners can earn 6% per year on a conservative
investment in a highly rated tax-free municipal
bond, how much money must they save each year



for the next 10 years to afford to send their child to
college?

b. Ifa certain college will “freeze” the cost of education
in 10 years for a lump-sum of current value $150,000,
is this a good deal?

4-64. Baby boomers can save up to $22,000 per year in
a 401(k) account. If Eileen’s starting balance at age 50 is
$200,000 and she saves the full amount available to her,
how much money will she have saved when she is 65
years old (after 15 years of saving)? The interest rate is
7% per year. (4.10)

%= | 4-65. An auto dealership is running a promo-
|'1"] tional deal whereby they will replace your tires
|free of charge for the life of the vehicle when you
purchase your car from them. You expect the original
tires to last for 30,000 miles, and then they will need
replacement every 30,000 miles thereafter. Your driving
mileage averages 15,000 miles per year. A set of new
tires costs $400. If you trade in the car at 150,000 miles
with new tires then, whatis the lump-sum present value
of this deal if your personal interest rate is 12% per
year? (4.10)

4-66. Transform the cash flows on the left-hand side of
the accompanying diagram (see Figure P4-66) to their
equivalent amount, F, shown on the right-hand side.
The interest rate is 8% per year. (4.10)
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Figure P4-66 Figure for Problem 4-66

4-67. In recent years, the United States has gone
from being a “positive savings” nation to a “negative
savings” nation (i.e., we spend more money than we
earn). Suppose a typical American household spends
$10,000 more than it makes and it does this for eight
consecutive years. If this debt will be financed at an
interest rate of 15% per year, what annual repayment
will be required to repay the debt over a 10-year period
(repayments will start at EOY 9)? (4.10)

4-68. Determine the value of W on the right-hand side
of the accompanying diagram (see Figure P4-68) that

175

PROBLEMS

makes the two cash-flow diagrams equivalent when
i = 12% per year. (4.10)

$1.000 $1,000 i W
i 4
1 1
4 5 1 1
| l l | <:> | ]
0 1 2 3 0 7
End of Year End of Year

$1,000

Figure P4-68 Figure for Problem 4-68

4-69. A friend of yours just bought a new sports car
with a $5,000 down payment, and her $30,000 car loan
is financed at an interest rate of 0.75% per month for
48 months. After 2 years, the “Blue Book” value of her
vehicle in the used-car marketplace is $15,000. (4.10)

a. How much does your friend still owe on the car loan
immediately after she makes her 24th payment?

b. Compare your answer to Part (a) to $15,000. This
situation is called being “upside down.” What can
she do about it? Discuss your idea(s) with your
instructor.

‘,J 4-70. A certain fluidized-bed combustion vessel

\"'| has an investment cost of $100,000, a life of

110 years, and negligible market (resale) value. Annual

costs of materials, maintenance, and electric power for
the vessel are expected to total $10,000. A major relining
of the combustion vessel will occur during the fifth year
at a cost of $30,000. If the interest rate is 15% per year,
what is the lump-sum equivalent cost of this project at
the present time? (4.10)

M« | 4-71. 1t costs $30,000 to retrofit the gasoline
)| pumpsata certain filling station so the pumps can

"dispense E85 fuel (85% ethanol and 15% gasoline). If the

station makes a profit of $0.08 per gallon from selling
E85 and sells an average of 20,000 gallons of E85 per
month, how many months will it take for the owner to
recoup her $30,000 investment in the retrofitted pumps?
The interest rate is 1% per month. (4.10)

4-72. John has just graduated from State University. He
owes $35,000 in college loans, but he does not have a job
yet. The college loan company has agreed to give Johna
break on a deferred-payment plan that works as follows.
John will not have to repay his loan for 5 years. During
this “grace period” the loan obligation will compound
at 4% per year. For the next 5 years, a monthly payment
will be required, and the interest rate will be 0.5% per
month. What will be John’s monthly payment over the
60-month repayment period? (4.10)
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¥ 4-73. Determine the value of Py, as a function of H,
for these two investment alternatives to be equivalent
at an interest rate of i = 15% per year: (4.10)

il ]

10 End of Year Py, End of Year

4-74. What value of T makes these two cash flow
diagrams (see Figure P4-74) economically equivalent at
8% annual interest? (4.10)

4-75. Suppose that annual income from a rental
property is expected to start at $1,300 per year and
decrease at a uniform amount of $50 each year after the
first year for the 15-year expected life of the property.
The investment cost is $8,000, and 7 is 9% per year. Is this
a good investment? Assume that the investment occurs
at time zero (now) and that the annual income is first
received at EOY one. (4.11)

$500

$1,000 $1,000
] $500 N
0 1 2 3 4 5 6
EOY

4-76. For a repayment schedule that starts at EOY
four at $Z and proceeds for years 4 through 10 at
$27Z, $3Z,..., what is the value of Z if the principal
of this loan is $10,000 and the interest rate is 7% per
year? Use a uniform gradient amount (G) in your
solution. (4.11)

4-77. Refer to the accompanying cash-flow diagram
(see Figure P4-77), and solve for the unknown quantity
in Parts (a) through (d) that makes the equivalent value
of cash outflows equal to the equivalent value of the
cash inflow, F. (4.11)

a. If F =$10,000, G = $600, and N = 6, theni =?

b. If F = $10,000, G = $600, and i = 5% per period,
then N =?

c¢. If G=9$1,000, N =12, and i = 10% per period, then
F=7

d. If F =$8,000, N =6, and i = 10% per period, then
G=?

4-78. You owe your best friend $2,000. Because you are
short on cash, you offer to repay the loan over 12 months
under the following condition. The first payment will

0

Figure P4-74 Figure for Problem 4-74

pF=2

End of Period
0 1 2 3 4 N-1 N
! i l /l/ | Interest = i% per Period
G l
2G

3G

(N -2)G
(N-1)G

Figure P4-77 Figure for Problem 4-77
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be $100 at the end of month one. The second payment
will be $100 + G at the end of month two. At the end
of month three, you'll repay $100 + 2G. This pattern of
increasing G amounts will continue for all remaining
months. (4.11)

a. What is the value of G if the interest rate is 0.5% per
month?

b. What is the equivalent uniform monthly payment?

¢. Repeat Part (a) when the first payment is $150 (i.e.,
determine G).

4-79. In the accompanying diagram, Figure P4-79,
what is the value of K on the left-hand cash-flow
diagram that is equivalent to the right-hand cash-flow
diagram? Let i = 12% per year. (4.11)

4-80. Calculate the future equivalent at the end of 2012,
at 8% per year, of the following series of cash flows in
Figure P4-80: [Use a uniform gradient amount (G) in
your solution.] (4.11)

Years

2009 2010 2011 2012

$600 5400

$800
$1,000

e ]

Figure P4-80 Figure for Problem 4-80

4-81. Suppose that the parents of a young child decide
to make annual deposits into a savings account, with the
first deposit being made on the child’s fifth birthday and
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650
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[
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1

320
210
100 ‘ ‘
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2 3 4

End of Year

0 1 5 6 7

the last deposit being made on the 15th birthday. Then,
starting on the child’s 18th birthday, the withdrawals
as shown will be made. If the effective annual interest
rate is 8% during this period of time, what are the
annual deposits in years 5 through 15? Use a uniform
gradient amount (G) in your solution. (See Figure P4-81,
p. 178.) (4.11)

' 24+ | 4-82. The heat loss through the exterior walls of
)| acertain poultry processing plant is estimated to

cost the owner $3,000 next year. A salesperson from
Superfiber Insulation, Inc., has told you, the plant
engineer, that he can reduce the heat loss by 80% with
the installation of $18,000 worth of Superfiber now. If
the cost of heat loss rises by $200 per year (uniform
gradient) after the next year and the owner plans to keep
the present building for 15 more years, what would you

|recommend if the interest rate is 10% per year? (4.11)

4-83. What value of N comes closest to making the left-
hand cash-flow diagram of the accompanying figure,
Figure P4-83 (p. 178), equivalent to the one on the right?
Let i = 15% per year. Use a uniform gradient amount
(G) in your solution. (4.11)

' ,H 4-84. A retail outlet is being designed in a strip
\"'| mall in Nebraska. For this outlet, the installed

fiberglass insulation to protect against heat loss in
the winter and heat gain in the summer will cost an
estimated $100,000. The annual savings in energy due to
the insulation will be $18,000 at EQY one in the 10-year
life of the outlet, and these savings will increase by
12% each year thereafter. If the annual interest rate is
15%, is the cost of the proposed amount of insulation

|justified? (4.12)

| = | 4-85. You are the manager of a large crude-oil

)| refinery. As part of the refining process, a certain
heat exchanger (operated at high temperatures and with
abrasive material flowing through it) must be replaced
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Figure P4-83

levery year. The replacement and downtime cost in the

first year is $175,000. This cost is expected to increase
due to inflation at a rate of 8% per year for five years, at
which time this particular heat exchanger will no longer
be needed. If the company’s cost of capital is 18% per
year, how much could you afford to spend for a higher
quality heat exchanger so that these annual replacement
and downtime costs could be eliminated? (4.12)

4-86. Start saving for retirement immediately! Even a
modest amount will add up in a hurry. Jay decides to
follow this advice and puts away 1% of his annual salary
of $50,000 per year. This equates to $500 on his 21st
birthday, and his salary will increase by 2% (on average)
every year thereafter until Jay turns 60 years old. What
is the worth of Jay’s account at age 60 when the annual
interest rate on Jay’s account is 4% per year? (4.12)

4-87. A geometric gradient that increases at f = 6%
per year for 15 years is shown in the accompanying
diagram. The annual interest rate is 12%. What is the
present equivalent value of this gradient? (4.12)

e TR

-~

$2,000
i =8%l/yr
14 16 17
I |
18

19 20 21

- ——— 1
- ——— ]

27R

= j -

Years

27R

Figure for Problem 4-83

$500(1.06)

Years

54-| 4-88. A small company heats its building and
1] spends $8,000 per year on natural gas for this
purpose. Cost increases of natural gas are expected to
be 10% per year starting one year from now (i.e., the
first cash flow is $8,800 at EOY one). Their maintenance
on the gas furnace is $345 per year, and this expense is
expected to increase by 15% per year starting one year
from now. If the planning horizon is 15 years, what is
the total annual equivalent expense for operating and
maintaining the furnace? The interest rate is 18% per
year. (4.12)



¥ 4-89. It is likely that your college tuition will in-
crease an average of 8% per year for the next 4 years.
The annual cost of tuition at the beginning of your
freshman year in college will be $12,000 (A7). How
much money will you and your parents have to deposit
in a mutual fund account one year prior to your
freshman year to pay for your tuition for the 4 years
you will spend earning your degree in engineering?
The mutual fund will earn an average of 5% annual
interest. (4.12)

4-90. Amy Parker, a 22-year-old and newly hired
marine biologist, is quick to admit that she does not
plan to keep close tabs on how her 401(k) retirement
plan will grow with time. This sort of thing does not
really interest her. Amy’s contribution, plus that of her
employer, amounts to $2,200 per year starting at age 23.
Amy expects this amount to increase by 3% each year
until she retires at the age of 62 (there will be 40 EOY
payments). What is the compounded future value of
Amy’s 401(k) plan if it earns 7% per year? (4.12)

4-91. An electronic device is available that will reduce
this year’s labor costs by $8,000. The equipment is
expected to last for 10 years. Labor costs increase at
a rate of 5% per year and the interest rate is 10% per
year. (4.12)

a. What is the maximum amount that we could justify
spending for the device?

b. What is the uniform annual equivalent value (A) of
the labor costs over the eight-year period?

4-92. An amount, P, must be invested now to allow
withdrawals of $1,000 per year for the next 15 years and
to permit $300 to be withdrawn starting at the end of
year 6 and continuing over the remainder of the 15-year
period as the $300 increases by 6% per year thereafter.
That is, the withdrawal at EOQY seven will be $318,
$337.08 at EOY eight, and so forth for the remaining
years. The interest rate is 12% per year. Hint: Draw a
cash-flow diagram. (4.12)

4-93. Consider an EOY geometric gradient, which lasts
for eight years, whose initial value at EOY one is
$5,000 and f = 6% per year thereafter. Find the
equivalent uniform gradient amount over the same
period if the initial value of the cash flows at the end
of year one is $4,000. Complete the following questions
to determine the value of the gradient amount, G. The
interest rate is 8% per year. (4.12)

a. What is Py for the geometric gradient series?
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b. What is PEJ of the uniform (arithmetic) gradient of
cash flows?

c. What is the value of G?

4-94. An individual makes five annual deposits of
$2,000 in a savings account that pays interest at a rate
of 4% per year. One year after making the last deposit,
the interest rate changes to 6% per year. Five years after
the last deposit, the accumulated money is withdrawn
from the account. How much is withdrawn? (4.13)

4-95. A person has made an arrangement to borrow
$1,000 now and another $1,000 two years hence. The
entire obligation is to be repaid at the end of four years.
If the projected interest rates in years one, two, three,
and four are 10%, 12%, 12%, and 14%, respectively, how
much will be repaid as a lump-sum amount at the end
of four years? (4.13)

4-96. Suppose that you have a money market certificate
earning an annual rate of interest, which varies over
time as follows:

Year k 1 2 3 4 5

i 6% 4% 2% 2% 5%

If you invest $10,000 in this certificate at the beginning
of year one and do not add or withdraw any money for
five years, what is the value of the certificate at the end
of the fifth year? (4.13)

4-97. Determine the present equivalent value of the
cash-flow diagram of Figure P4-97 (p. 180) when the
annual interest rate, iy, varies as indicated. (4.13)

4-98. Mary’s credit card situation is out of control
because she cannot afford to make her monthly
payments. She has three credit cards with the following
loan balances and APRs: Card 1, $4,500, 21%; Card 2,
$5,700, 24%; and Card 3, $3,200, 18%. Interest
compounds monthly on all loan balances. A credit
card loan consolidation company has captured Mary’s
attention by stating they can save Mary 25% per month
on her credit card payments. This company charges
16.5% APR. Is the company’s claim correct? (4.14)

4-99.

a. What is the effective annual interest rate when
a nominal rate of 12% per year is compounded
monthly?
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b. How many months does it take for a present sum of
money to double if the nominal interest rate is 12%
per year and compounding is monthly?

¢. How many months does it take for a present sum
of money to triple if the nominal interest rate is 12%
per year and compounding is monthly?

4-100. An APR of 3.75% produces an effective annual
interest rate of 3.82% What is the compounding
frequency (M) in this situation? (4.14)

4-101. Alarge bank has increased its annual percentage
rate (APR) on credit cards to 30%. This move was
necessary because of the “additional risks” faced by the
bank in a weak economy. If monthly compounding is
in effect, what is the effective annual interest rate being
charged by the bank? (4.15)

4-102. Compute the effective annual interest rate in
each of the following situations. (4.14)

a. 5.75% nominal interest, compounded quarterly.

b. 5.75% nominal interest, compounded daily.

4-103. Determine the current amount of money that
must be invested at 12% nominal interest, compounded
monthly, to provide an annuity of $10,000 (per year) for
6 years, starting 12 years from now. The interest rate
remains constant over this entire period of time. (4.15)

4-104. To pay off $50,000,000 worth of new construction
bonds when they come due in 20 years, a water
municipality must deposit money into a sinking fund.
Payments to the fund will be made quarterly, starting
three months from now. If the interest rate for the
sinking fund is 8% compounded quarterly, how much
will each deposit be? (4.15)

4-105. An automobile salesperson states that his
company will pay the interest for the first 12 months
of your automobile loan if you buy the vehicle today.

Suppose you go ahead and purchase a car for $25,000
and finance it with a 48-month loan having an APR
of 9%. What is your monthly payment going to be in
months 13-60 of this loan? How much lower will your
monthly payment be if you finance your loan over 60
months (months 13-72)? (4.14)

4-106. A light-duty pickup truck has a manufacturer’s
suggested retail price (MSRP) of $14,000 on its window.
After haggling with the salesperson for several days,
the prospective buyer is offered the following deal:
“You pay a $1,238 down payment now and $249 each
month thereafter for 39 months and the truck will be
yours.” The APR at this dealership is 2.4% compounded
monthly. How good a deal is this relative to the
MSRP? (4.15)

4-107. Youborrow $10,000 from a bank for three years at
an annual interest rate, or annual percentage rate (APR),
of 12%. Monthly payments will be made until all the
principal and interest have been repaid. (4.14, 4.15)

a. What is your monthly payment?

b. If you must pay two points up front, meaning that
you get only $9,800 from the bank, what is your true
APR on the loan?

4-108. Many people get ready for retirement by
depositing money into a monthly or annual savings
plan. (4.15)

a. If $300 per month is deposited in a bank account
paying a 6% APR compounded monthly, how much
will be accumulated in the account after 30 years?

b. If inflation is expected to average 2% per year into
the foreseeable future, what is today’s equivalent
spending power for your answer to Part (a)?

4-109. The longer a loan schedule lasts, the more
interest you will pay. To illustrate, a $20,000-car-loan



at 9% APR (compounded monthly) for three years
(36 monthly payments) will incur total interest of
$2,896. But a $20,000 car loan at 9% APR over six
years (72 payments) will have a total interest cost
of $5,920. (4.15)

a. Verify that the difference in total interest of $3,024 is
correct.

b. Why would you be willing to pay this extra interest?

4-110. The average college graduate owes $22,500 in
loans incurred over his/her college career. Now that it
is so difficult to land a job after graduation, an option
for the graduate seeking relief is to stretch the loan over
20 years (with the bank’s approval, of course) instead of
repaying the loan over the normal 10 years. Doubling
the repayment period of the loan slices 29% off the
monthly payments. However, this action also increases
the total amount of interest repaid over the life of the
loan by 121%! What is the monthly interest rate being
charged in this scenario? (4.15)

4-111. Suppose you owe $1,100 on your credit card.
The annual percentage rate (APR) is 18%, compounded
monthly. The credit card company says your minimum
monthly payment is $19.80. (4.15)

a. If you make only this minimum payment, how
long will it take for you to repay the $1,100 balance
(assuming no more charges are made)?

b. If you make the minimum payment plus $10 extra
each month (for a total of $29.80), how long will it
take to repay the $1,100 balance?

c. Compare the total interest paid in Part (a) with the
total interest paid in Part (b).

4-112. Determine the annual equivalent amount over
4 years for the following cash flow (CF) pattern. The
nominal interest rate is 10%, and it is compounded
monthly. (4.15)

EOY 0 1 2 3 4

CF —$7,500 —$2,000 $14,000 $18,000 $4,000

4-113. Anominal interest rate of 11.333%, continuously
compounded, yields an effective annual interest rate of
how much? (4.16)

4-114. College students are now graduating with loan
debts averaging $24,000. (4.15, 4.16)

a. If students repay their loan of $24,000 over 10 years
with an annual effective interest rate of 8.3%, what
will their annual payment be?
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b. What is the annual payment going to be when the
interestrateis 9.6%, continuously compounded each
year?

c. What is the effective interest rate in Part (b)?

4-115. If a nominal interest rate of 8% is compounded
continuously, determine the unknown quantity in each
of the following situations: (4.16)

a. What uniform EOY amount for 10 years is
equivalent to $8,000 at EOY 10?

b. What is the present equivalent value of $1,000 per
year for 12 years?

c¢. What is the future equivalent at the end of the
sixth year of $243 payments made every six months
during the six years? The first payment occurs six
months from the present and the last occurs at the
end of the sixth year.

d. Find the equivalent lump-sum amount at EOY nine
when Py = $1,000.

4-116. Find the value of the unknown quantity Z in
the following diagram, such that the equivalent cash
outflow equals the equivalent cash inflows when r =
20% compounded continuously: (4.16)

VA
'
: A = $500/year
I
R R A A O
1 2 3 4 5 6 7 8 9
Years

N*=————a—

4-117. Juan deposits $5,000 into a savings account that
pays 7.2% per year, continuously compounded. What is
the effective annual interest rate? Determine the value
of his account at the end of two years. (4.16)

4-118. A man deposited $10,000 in a savings account
when his son was born. The nominal interest rate was
8% per year, compounded continuously. On the son’s
18th birthday, the accumulated sum is withdrawn from
the account. How much will this accumulated amount
be? (4.16)

4-119. A person needs $18,000 immediately as a down
payment on a new home. Suppose that she can borrow
this money from her company credit union. She will be
required to repay the loan in equal payments made every
six months over the next 12 years. The annual interest
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rate being charged is 10% compounded continuously.
What is the amount of each payment? (4.16)

4-120. What is the present equivalent of a uniform
series of annual payments of $3,500 each for five
years if the interest rate, compounded continuously,
is 10%? (4.16)

4-121. The amount of $7,000 is invested in a Certificate
of Deposit (CD) and will be worth $16,000 in nine
years. What is the continuously compounded nominal
(annual) interest rate for this CD? (4.16)

4-122. Many persons prepare for retirement by making
monthly contributions to a savings program. Suppose
that $2,000 is set aside each year and invested in
a savings account that pays 10% interest per year,
compounded continuously. (4.16)

a. Determine the accumulated savings in this account
at the end of 30 years.

b. In Part (a), suppose that an annuity will be
withdrawn from savings that have been accum-
ulated at the EOY 30. The annuity will extend from
the EOY 31 to the EOY 40. What is the value of
this annuity if the interest rate and compounding
frequency in Part (a) do not change?

4-123. Indicate whether each of the following sta-
tements is true (T) or false (F). (all sections)

a. T F Interest is money paid for the use of equity
capital.

b. T F (A/F,i%,N)=(A/P,i%,N)+i.

c. T F Simple interest ignores the time value of
money principle.

d. T F Cash-flow diagrams are analogous to free-
body diagrams for mechanics problems.

e. T F $1,791 10 years from now is equivalent to

$900 now if the interest rate equals 8% per
year.

~
e

It is always true that i > r when M > 2.

g. T F Suppose that a lump sum of $1,000 is in-
vested at r = 10% for eight years. The future
equivalent is greater for daily compounding
than it is for continuous compounding.

h. T F Forafixed amount, F dollars, that is received
at EOY N, the “A equivalent” increases as the
interest rate increases.

i. T F Foraspecified value of F at EOY N, P at time
zero will be larger for r = 10% per year than

it will be for r = 10% per year, compounded
monthly.

4-124. Mark each statement true (T) or false (F), and fill
in the blanks in Part (e). (all sections)

a. T F The nominal interest rate will always be less
than the effective interest rate when r = 10%
and M = oc.

F A certain loan involves monthly repayments
of $185 over a 24-month period. If r = 10%
per year, more than half of the principal is
still owed on this loan after the 10th monthly
payment is made.

b. T

c¢. T F $1,791in10 years is equivalent to $900 now if
the nominal interest rate is 8% compounded
semiannually.

d. T F Ona$200,000 mortgage, a half-point interest
rate increase adds about $700 per year to 12
mortgage payments.

e. Fill in the missing interest factor:

i. (P/A,i%, N)(——) = (F/A,i%,N).
ii. (A/G,i%, N)(P/A,i%,N) = (—).

4-125. A mutual fund investment is expected to earn
11% per year for the next 25 years. If inflation will
average 3% per year during this 25-year period of time,
what is the compounded value (in today’s dollars) of
this savings vehicle when $10,000 is invested now? (4.6)

4-126. Javier just bought a condominium in College-
town, USA. His $100,000 mortgage is 6% compounded
monthly, and Javier will make monthly payments on his
loan for 30 years. In addition, property taxes and title
insurance amount to $400 per month. (4.15)

a. What is the total mortgage-related amount of
Javier’s monthly condo payment?

b. Develop an estimate of Javier’s total monthly
expenses (maintenance, utilities, and so on) for his
condominium.

c. If Javier qualifies for a 15-year mortgage having an
APR of 5.8% compounded monthly, what will his
monthly mortgage payment be (there will be 180
payments)?

4-127. Analyze the truth of this statement, assuming
you are 20 years old: “For every five years that you
wait to start accumulating money for your retirement,
it takes twice as much savings per year to catch up.”
Base your analysis on the target of having $1,000,000



when you retire at age 60. Be sure to state your
assumptions. (4.7)

4-128. A mortgage company advertises that their 6%
APR is an effective annual rate of 6.58% with monthly
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payments and compounding. Let’s assume this is made
possible by paying points on a mortgage (one pointis 1%
of the loan amount). How many points are being paid
up front on a $100,000 mortgage loan over 15 years to
arrive at an effective interest rate of 6.58%? (4.15)

4-129. Create a spreadsheet that duplicates Table 4-1.
Make it flexible enough that you can investigate
the impact of different interest rates and principal
loan amounts without changing the structure of the
spreadsheet. (4.7)

4-130. A $15,000 investment is to be made with
anticipated annual returns as shown in the spreadsheet
in Figure P4-130. If the investor’s time value of money is
10% per year, what should be entered in cells B11, B12,
and B13 to obtain present, annual, and future equivalent
values for the investment? (4.10)

A B Figure P4-130 Spreadsheet

1 | EOY | Cash flow for Problem 4-130
2 0 —$15,000

371 $2,000

Tl $2,500

5 3 $3,000

6| 4 $3,500

7| 5 $4,000

8| 6 $4,000

9 7 $4,000
0| 8 $4,000

1_[= P

§2

13 || F
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4-131. Refer to Example 4-23. Suppose the cash-flow
sequence continues for 10 years (instead of four).
Determine the new values of P, A, and F. (4.12)

4-132. Higher interest rates won’t cost you as much
to drive a car as do higher gasoline prices. This is
because automobile loans have payment schedules that
are only modestly impacted by Federal Reserve Board
interest-rate increases. Create a spreadsheet to compare
the difference in monthly payments for a $25,000 loan
having 60 monthly payments for a select number of
interest rates. Use 3% as the base APR and go as high
as an APR of 12%. Challenge: Make your spreadsheet
flexible enough to be able to look at the impact of the
different interest rates for different loan amounts and
different repayment periods. (4.15)

4-133. After Enrico’s car is paid off, he plans to
continue setting aside the amount of his car payment to
accumulate funds for the car’s replacement. If he invests
this amount at a rate of 3% compounded monthly, how
much will he have saved by the end of the initial 10-year
period? (4.17)

4-134. Enrico has planned to have $40,000 at the end
of 10 years to place a down payment on a condo.
Property taxes and insurance can be as much as 30%

of the monthly principal and interest payment (i.e., for
a principal and interest payment of $1,000, taxes and
insurance would be an additional $300). What is the
maximum purchase price he can afford if he’d like to
keep his housing costs at $950 per month? (4.17)

4-135. If Enrico is more daring with his retirement
investment savings and feels he can average 10% per
year, how much will he have accumulated for retirement
at the end of the 10-year period? (4.17)
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FE Practice Problems

4-136. If you borrow $3,000 at 6% simple interest per
year for seven years, how much will you have to repay
at the end of seven years? (4.2)

(a) $3,000 (b) $4,511 (0) $1,260
(d) $1,511 (e) $4,260

4-137. When you were born, your grandfather
established a trust fund for you in the Cayman
Islands. The account has been earning interest at
the rate of 10% per year. If this account will be
worth $100,000 on your 25th birthday, how much
did your grandfather deposit on the day you were
born? (4.6)
(a) $4,000
(d) $10,150

(b) $9,230
(e) $10,740

(c) $10,000

4-138. Every year you deposit $2,000 into an account
that earns 2% interest per year. What will be the balance
of your account immediately after the 30th deposit? (4.7)

(a) $44,793 (b) $60,000 (c) $77,385
(d) $81,136 (e) $82,759

4-139. Your monthly mortgage payment (principal plus
interest) is $1,500. If you have a 30-year loan with a
fixed interest rate of 0.5% per month, how much did you
borrow from the bank to purchase your house? Select
the closest answer. (4.7)

(a) $154,000 (b) $180,000
(d) $300,000 (e) $540,000

(c) $250,000

4-140. Consider the following sequence of year-end
cash flows:

EOY 1 2 3 4 5
Cash $8,000 $15,000 $22,000 $29,000 $36,000
Flow

What is the uniform annual equivalent if the interest
rate is 12% per year? (4.11)

(a) $20,422 (b) $17,511
(d) $22,000 (e) $12,422

4-141. A cash flow at time zero (now) of $9,982 is
equivalent to another cash flow that is an EOY annuity
of $2,500 over five years. Each of these two cash-flow
series is equivalent to a third series, which is a uniform
gradient series. What is the value of G for this third
series over the same five-year time interval? (4.11)

(c) $23,204

(a) $994 (b) $1,150 (0) $1,250
(d) $1,354 (e) Not enough information
given

4-142. Bill Mitselfik borrowed $10,000 to be repaid
in quarterly installments over the next five years.
The interest rate he is being charged is 12% per
year compounded quarterly. What is his quarterly
payment? (4.15)

(a) $400
(d) $800

(b) $550 (c) $650

4-143. Sixty monthly deposits are made into an account
paying 6% nominal interest compounded monthly. If
the objective of these deposits is to accumulate $100,000
by the end of the fifth year, what is the amount of each
deposit? (4.15)

(a) $1,930 (b) $1,478
(d) $1,430 (e) $1,695

(c) $1,667

4-144. What s the principal remaining after 20 monthly
payments have been made on a $20,000 five-year loan?
The annual interest rate is 12% nominal compounded
monthly. (4.15)

(a) $10,224
(d) $16,073

4-145. If you borrow $5,000 to buy a car at 12%
compounded monthly, to be repaid over the next four
years, what is your monthly payment? (4.15)

(b) $13,333
(e) $17,094

(0) $14,579

(a) $131
(d) $81

(b) $137
(e) $104

(c) $1,646

4-146. The effective annual interest rate is given to be
19.2%. What is the nominal interest rate per year (r)
if continuous compounding is being used? Choose the
closest answer below. (4.16)

(a) 19.83% (b) 18.55%
(d) 16.90%

(c) 17.56%

4-147. A bank advertises mortgages at 12% com-
pounded continuously. What is the effective annual
interest? (4.16)

(a) 12.36%
(d) 12.68%

(b) 12.55%
(e) 12.00%

(c) 12.75%

4-148. If you invest $7,000 at 12% compounded
continuously, how much would it be worth in three
years? (4.16)



(a) $9,449
(d) $9,834

4-149. On a $200,000, 30-year fixed mortgage, the
monthly payment will be approximately how much
when the nominal interest rate on the mortgage is
4.2%? (4.7)
(a) $568

(d) $1,000

(b) $4,883
(e) $2,520

(c) $10,033

(b) $980
(e) $895

(c) $918

4-150. Adding a small amount to your monthly home
mortgage payment will shorten the life of your loan.
Adding $10 per month to your $540 monthly mortgage
payment will trim how many months from a 30 year, 5%
mortgage of $100,000? Select the closest answer. (4.7)
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(a) 25 months
(d) 6 months

(b) 19 months (c) 13 months

4-151. Suppose a friend of yours invests $100 each
month in an individual retirement account (IRA) for a
decade and earns an unbelievable APR of 12% a year
(1% per month) on her investment. She will end up with
$100 (F/ A, 1%, 120) = $100 (230.0387) = $23,003.87 after
10 years. If you decide to invest $200 each month over
10 years, but can earn only a meager APR of 3% per year
on it, roughly how much will you have accumulated
after 10 years? Choose the closest answer. (4.15).

(a) $19,000
(d) $46,000

(b) $24,000 (c) $28,000



CHAPTER 5

Evaluating a Single Project
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The objective of Chapter 5 is to discuss and critique contemporary methods
for determining project profitability.

Carbon Fibers versus Netal

here is a rule-of-thumb that “if the weight of an automobile
T can be reduced by 10%, then 6% of the annual cost of gasoline

can be saved.” Light weight and high strength carbon fibers
costing about $15-$20 per pound are currently being considered to replace the
metal in automobile and aerospace applications. (The objective of recent research
is to reduce this cost to $5 per pound.) Engineers believe they can economically
reduce the weight of an automobile by substituting carbon fibers for metal to save
20% to 30% on fuel consumption each year. Other structures such as stronger wind
turbines can also be built with light weight carbon fibers. After working through
this chapter, you will be able to evaluate the economic trade-off between annual
fuel savings and up-front cost of carbon fibers and to determine whether it is a
smart trade-off.
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The final test of any system is, does it pay?

—Frederick W. Taylor (1912)

5.1 Introduction

All engineering economy studies of capital projects should consider the return
that a given project will or should produce. A basic question this book addresses
is whether a proposed capital investment and its associated expenditures can be
recovered by revenue (or savings) over time in addition to a return on the capital that
is sufficiently attractive in view of the risks involved and the potential alternative
uses. The interest and money-time relationships discussed in Chapter 4 emerge
as essential ingredients in answering this question, and they are applied to many
different types of problems in this chapter.

Because patterns of capital investment, revenue (or savings) cash flows, and
expense cash flows can be quite different in various projects, there is no single
method for performing engineering economic analyses that is ideal for all cases.
Consequently, several methods are commonly used. A project focus will be taken
as we introduce ways of gauging profitability.

In this chapter, we concentrate on the correct use of five methods for evaluating
the economic profitability of a single proposed problem solution (i.e., alternative).*
Later, in Chapter 6, multiple alternatives are evaluated. The five methods described
in Chapter 5 are Present Worth (PW), Future Worth (FW), Annual Worth (AW),
Internal Rate of Return (IRR), and External Rate of Return (ERR). The first three
methods convert cash flows resulting from a proposed problem solution into their
equivalent worth at some point (or points) in time by using an interest rate known
as the Minimum Attractive Rate of Return (MARR). The concept of a MARR, as well
as the determination of its value, is discussed in the next section. The IRR and ERR
methods compute annual rates of profit, or returns, resulting from an investment
and are then compared to the MARR.

The payback period is also discussed briefly in this chapter. The payback
period is a measure of the speed with which an investment is recovered by the
cash inflows it produces. This measure, in its most common form, ignores time
value of money principles. For this reason, the payback method is often used to
supplement information produced by the five primary methods featured in this
chapter.

Unless otherwise specified, the end-of-period cash-flow convention and discrete
compounding of interest are used throughout this and subsequent chapters.
A planning horizon, or study (analysis) period, of N compounding periods
(usually years) is used to evaluate prospective investments throughout the
remainder of the book.

* The analysis of engineering projects using the benefit—cost ratio method is discussed in Chapter 10.
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5.2 Determining the Minimum Attractive Rate
of Return (MARR)

The Minimum Attractive Rate of Return (MARR) is usually a policy issue resolved
by the top management of an organization in view of numerous considerations.
Among these considerations are the following:

1. The amount of money available for investment, and the source and cost of these
funds (i.e., equity funds or borrowed funds)

2. The number of good projects available for investment and their purpose (i.e.,
whether they sustain present operations and are essential, or whether they
expand on present operations and are elective)

3. The amount of perceived risk associated with investment opportunities
available to the firm and the estimated cost of administering projects over short
planning horizons versus long planning horizons

4. The type of organization involved (i.e., government, public utility, or private
industry)

In theory, the MARR, which is sometimes called the hurdle rate, should be chosen
to maximize the economic well-being of an organization, subject to the types of
considerations just listed. How an individual firm accomplishes this in practice
is far from clear-cut and is frequently the subject of discussion. One popular
approach to establishing a MARR involves the opportunity cost viewpoint described
in Chapter 2, and it results from the phenomenon of capital rationing. This situation
may arise when the amount of available capital is insufficient to sponsor all worthy
investment opportunities. The subject of capital rationing is covered in Chapter 13.

A simple example of capital rationing is given in Figure 5-1, where the
cumulative investment requirements of seven acceptable projects are plotted
against the prospective annual rate of profit of each. Figure 5-1 shows a limit of
$600 million on available capital. In view of this limitation, the last funded project
would be E, with a prospective rate of profit of 19% per year, and the best rejected
projectis F. In this case, the MARR by the opportunity cost principle would be 16%
per year. By not being able to invest in project F, the firm would presumably be
forfeiting the chance to realize a 16% annual return. As the amount of investment
capital and opportunities available change over time, the firm’s MARR will also
change.*

Superimposed on Figure 5-1 is the approximate cost of obtaining the
$600 million, illustrating that project E is acceptable only as long as its annual
rate of profit exceeds the cost of raising the last $100 million. As shown in Figure
5-1, the cost of capital will tend to increase gradually as larger sums of money are
acquired through increased borrowing (debt) or new issuances of common stock
(equity). Determining the MARR is discussed further in Chapter 13.

* As we shall see in Chapter 11, the selection of a project may be relatively insensitive to the choice of a value for the
MARR. Revenue estimates, for example, are much more important to the selection of the most profitable investment.
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Figure 5-1 Determination of the MARR Based on the Opportunity Cost Viewpoint
(A popular measure of annual rate of profit is “Internal Rate of Return,” discussed
later in this chapter.)

5.3 The Present Worth Method

The PW method is based on the concept of equivalent worth of all cash flows
relative to some base or beginning point in time called the present. That is, all cash
inflows and outflows are discounted to the present point in time at an interest rate
that is generally the MARR. A positive PW for an investment project is a dollar
amount of profit over the minimum amount required by investors. It is assumed
that cash generated by the alternative is available for other uses that earn interest
at a rate equal to the MARR.

To find the PW as a function of i % (per interest period) of a series of cash inflows
and outflows, it is necessary to discount future amounts to the present by using the
interest rate over the appropriate study period (years, for example) in the following
manner:

PW(i%) = Fo(1 +1)° + F;(1 + i)' + Fy(1 + i) 2
+o A+ FA+D T+ ENA DTN

N
=Y Ra+it (5-1)
k=0

Here, i = effective interest rate, or MARR, per compounding period;
k = index for each compounding period (0 < k < N);
Fi = future cash flow at the end of period k;
N = number of compounding periods in the planning horizon (i.e., study
period).
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The relationship given in Equation (5-1) is based on the assumption of a constant
interest rate throughout the life of a particular project. If the interest rate is assumed
to change, the PW must be computed in two or more steps, as was illustrated in
Chapter 4.

To apply the PW method of determining a project’s economic worthiness, we
simply compute the present equivalent of all cash flows using the MARR as the
interest rate. If the present worth is greater than or equal to zero, the project is
acceptable.

PW Decision Rule: If PW (i = MARR) > 0, the project is economically justified.

It is important to observe that the higher the interest rate and the farther into
the future a cash flow occurs, the lower its PW is. This is shown graphically in
Figure 5-2. The PW of $1,000 10 years from now is $613.90 when i = 5% per year.
However, if i = 10%, that same $1,000 is only worth $385.50 now.

Figure 5-2 PW of $1,000 i=0% $1.000
Received at the End of Year 1,000 = 7
k at an Interest Rate of /% ],\
A
per Year 900 _\_“\\
BN
e X
800~ 4% N\
\ N \ i=5% |asi §,PW}
L g
00 VNN
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\ %
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& Y% N\ .
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m Evaluation of New Equipment Purchase Using PW

A piece of new equipment has been proposed by engineers to increase the
productivity of a certain manual welding operation. The investment cost is
viDEO $25,000, and the equipment will have a market value of $5,000 at the end

sormens of a study period of five years. Increased productivity attributable to the

equipment will amount to $8,000 per year after extra operating costs have
been subtracted from the revenue generated by the additional production.
A cash-flow diagram for this investment opportunity is given below. If the
firm’s MARR is 20% per year, is this proposal a sound one? Use the PW

method.
$5,000
$8,000 $8,000 $8,000 $8,000 $8,000
1 b 3 4 5
End of Year
i=20%/yr
3
$25,000
Solution
PW = PW of cash inflows — PW of cash outflows,
or

PW(20%) = $8,000(P/A,20%,5) + $5,000(P/F,20%, 5) — $25,000
= $934.29.

Because PW(20%) > 0, this equipment is economically justified.

The MARR in Example 5-1 (and in other examples throughout this chapter)
is to be interpreted as an effective interest rate (i). Here, i = 20% per year. Cash
flows are discrete, end-of-year (EOY) amounts. If continuous compounding had been
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specified for a nominal interest rate (r) of 20% per year, the PW would have been
calculated by using the interest factors presented in Appendix D:

PW(r =20%) = —$25,000 + $8,000(P/A,r = 20%, 5)
+$5,000(P/F,r = 20%,5)
= —$25,000 + $8,000(2.8551) + $5,000(0.3679)
= —$319.60.

Consequently, with continuous compounding, the equipment would not be
economically justifiable. The reason is that the higher effective annual interest rate
(e%?0 — 1 = 0.2214) reduces the PW of future positive cash flows but does not affect
the PW of the capital invested at the beginning of year one.

Present Worth of a Space-Heating System

A retrofitted space-heating system is being considered for a small office
building. The system can be purchased and installed for $110,000, and it
will save an estimated 300,000 kilowatt-hours (kWh) of electric power each
year over a six-year period. A kilowatt-hour of electricity costs $0.10, and
the company uses a MARR of 15% per year in its economic evaluations of
refurbished systems. The market value of the system will be $8,000 at the end
of six years, and additional annual operating and maintenance expenses are
negligible. Use the PW method to determine whether this system should be
installed.

Solution

To find the PW of the proposed heating system, we need to find the present
equivalent of all associated cash flows. The estimated annual savings in electrical
power is worth 300,000 kWh x $0.10/kWh = $30,000 per year. At a MARR of
15%, we get

PW(15%) = —$110,000 + $30,000 (P/A,15%,6) + $8,000 (P/F,15%, 6)
= —$110,000 + $30,000(3.7845) + $8,000(0.4323)
= $6,993.40.

Since PW(15%) > 0, we conclude that the retrofitted space-heating system should
be installed.

Now that we know how to apply the PW method, we can use it to evaluate the
economic advisability of a solar-powered cooling and heating system. Should a
homeowner’s incremental investment of $10,000 be traded off for energy savings
of $130 per month? Let’s assume a MARR of 0.5% per month and a 20-year useful
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life of the solar-powered system. In this case, the PW of the system is

PW = —$10,000 + $130(P/A, 0.5%, per month, 240 months)
= —$10,000 + $130(139.5808)
= $8,145.50.

The positive-valued PW signals a favorable investment. Additionally, 13 tons/year
x 20 years = 260 tons of carbon dioxide will be avoided. Can you rework this
problem when the MARR is 1% per month? Is the system still a judicious choice?

5.3.1 Assumptions of the PW Method

There are several noteworthy assumptions that we make when using PW to model
the wealth-creating promise of a capital investment opportunity. First, it is assumed
that we know the future with certainty (we don’t live in a certain world!). For
example, we presume to know with certainty future interest rates and other factors.
Second, it is assumed we can borrow and lend money at the same interest rate (i.e.,
capital markets are perfect). Regrettably, the real world has neither certainty nor
perfect (frictionless, e.g., no taxes and/or commissions) capital markets.

The PW (and FW and AW, to follow) model is built on these seemingly
restrictive assumptions, but it is cost-beneficial in the sense that the cost of using
the PW model is less than the benefits of improved decisions resulting from
PW analysis. More sophisticated models exist, but they usually do not reverse
decisions made with the PW model. Therefore, our goal is to cost-beneficially
recommend capital investments that maximize the wealth of a firm to its owners
(i.e., stockholders). A positive-valued PW (and FW and AW) means that accepting
a project will increase the worth, or value, of the firm.

5.3.2 Bond Value

A bond is an IOU where you agree to lend the bond issuer money for a specified
length of time (say, 10 years). In return, you receive periodic interest payments
(e.g., quarterly) from the issuer plus a promise to return the face value of the bond
when it matures. A bond provides an excellent example of commercial value as
being the PW of the future net cash flows that are expected to be received through
ownership of an interest-bearing certificate. Thus, the value of a bond, at any time,
is the PW of future cash receipts. For a bond, let

Z = face, or par, value;
C = redemption or disposal price (usually equal to Z);
r = bond rate (nominal interest) per interest period;
N = number of periods before redemption;
i = bond yield rate per period;
VN = value (price) of the bond N interest periods prior to
redemption—this is a PW measure of merit.

The owner of a bond is paid two types of payments by the borrower. The first
consists of the series of periodic interest payments he or she will receive until the
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bond is retired. There will be N such payments, each amounting to rZ. These
constitute an annuity of N payments. In addition, when the bond is retired or sold,
the bondholder will receive a single payment equal in amount to C. The PW of the
bond is the sum of PWs of these two types of payments at the bond’s yield rate (i%):

Vn = C(P/E,i%,N) + rZ(P/A,i%,N). (5-2)

The most common situations faced by you as a potential investor in bonds are
(1) for a desired yield rate, how much should you be willing to pay for the bond
and (2) for a stated purchase price, what will your yield be? Examples 5-3 and 5-4
demonstrate how to solve these types of problems.

VIDEQ
SOLUTIONS

Stan Moneymaker Wants to Buy a Bond

Stan Moneymaker has the opportunity to purchase a certain U.S. Treasury bond
that matures in eight years and has a face value of $10,000. This means that Stan
will receive $10,000 cash when the bond’s maturity date is reached. The bond
stipulates a fixed nominal interest rate of 8% per year, but interest payments are
made to the bondholder every three months; therefore, each payment amounts
to 2% of the face value.

Stan would like to earn 10% nominal interest (compounded quarterly) per
year on his investment, because interest rates in the economy have risen since
the bond was issued. How much should Stan be willing to pay for the bond?

Solution

To establish the value of this bond, in view of the stated conditions, the PW
of future cash flows during the next eight years (the study period) must be
evaluated. Interest payments are quarterly. Because Stan Moneymaker desires
to obtain 10% nominal interest per year on the investment, the PW is computed
ati = 10%/4 = 2.5% per quarter for the remaining 8(4) = 32 quarters of the
bond’s life:

VN = $10,000(P/F,2.5%,32) + $10,000(0.02)(P/A,2.5%,32)
= $4,537.71 4 $4,369.84 = $8,907.55.

Thus, Stan should pay no more than $8,907.55 when 10% nominal interest per
year is desired.

Current Price and Annual Yield of Bond Calculations

Abond with a face value of $5,000 pays interest of 8% per year. This bond will be
redeemed at par value at the end of its 20-year life, and the first interest payment
is due one year from now.

(a) How much should be paid now for this bond in order to receive a yield of
10% per year on the investment?
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(b) If this bond is purchased now for $4,600, what annual yield would the buyer
receive?

Solution
(a) By using Equation (5-2), the value of Vy can be determined:
VN = $5,000(P/F,10%,20) + $5,000(0.08)(P/A, 10%,20)
= $743.00 + $3,405.44 = $4,148.44.

(b) Here, we are given Vy = $4,600, and we must find the value of i% in
Equation (5-2):

$4,600 = $5,000(P/F,i'%,20) + $5,000(0.08)(P/A, i’ %, 20).

To solve for i’ %, we can resort to an iterative trial-and-error procedure (e.g., try
8.5%, 9.0%), to determine that i'% = 8.9% per year.

5.3.3 The Capitalized-Worth Method

One special variation of the PW method discussed in Section 5.3 involves
determining the PW of all revenues or expenses over an infinite length of time. This
is known as the Capitalized-Worth (CW) method. If only expenses are considered,
results obtained by this method are sometimes referred to as capitalized cost. As
will be demonstrated in Chapter 6, the CW method is a convenient basis for
comparing mutually exclusive alternatives when the period of needed service is
indefinitely long.

The CW of a perpetual series of end-of-period uniform payments A, with
interest at i% per period, is A(P/A,i%,c0). From the interest formulas, it can be
seen that (P/A,i%,N) — 1/i as N becomes very large. Thus, CW = A/i for such a
series, as can also be seen from the relation

, . (A +dN -1 1
W =PWnooo = A(P/A,i%,00) =A| lim ———— [ =A(-).
CW(i%) N—o0 (P/A,i%, 00) |:N1_r>r;o A+ N :| <l>

Hence, the CW of a project with interest at i% per year is the annual equivalent of
the project over its useful life divided by i (as a decimal).

The AW of a series of payments of amount $X at the end of each kth period
with interest at i% per period is $X(A/F,i%, k). The CW of such a series can thus
be calculated as $X(A/F,i%, k) /i.

VIDEC
SOLUTIONS

Determining the Capitalized Worth of a Bridge

A new bridge across the Cumberland River is being planned near a busy high-
way intersection in the commercial part of a mid-western town. The construction
(first) cost of the bridge is $1,900,000 and annual upkeep is estimated to be
$25,000. In addition to annual upkeep, major maintenance work is anticipated
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every eight years at a cost of $350,000 per occurrence. The town government’s
MARR is 8% per year.

(a) For this problem, what analysis period (N) is, practically speaking, defined
as forever?

(b) If the bridge has an expected life of 50 years, what is the capitalized worth
(CW) of the bridge over a 100-year study period?

Solution

(a) A practical approximation of “forever” (infinity) is dependent on the interest
rate. By examining the (A/P, i%, N) factor as N increases in the Appendix C
tables, we observe that this factor approaches a value of i as N becomes large.
For i = 8% (Table C-11), the (A/P, 8%, 100) factor is 0.08. So N =100 years is,
for practical purposes, “forever” in this example.

(b) The CW is determined as follows:
CW(8%) = —%$1,900,000 — $1,900,000 (P/F, 8%, 50)
— [$350,000 (A/F,8%,8)]1/0.08 — $25,000/0.08.

The CW turns out to be —$2,664,220 over a 100-year study period, assuming
the bridge is replaced at the end of year 50 for $1,900,000.

5.4 The Future Worth Method

Because a primary objective of all time value of money methods is to maximize
the future wealth of the owners of a firm, the economic information provided by
the FW method is very useful in capital investment decision situations. The FW
is based on the equivalent worth of all cash inflows and outflows at the end of
the planning horizon (study period) at an interest rate that is generally the MARR.
Also, the FW of a project is equivalent to its PW; that is, FW = PW(F/P,i%, N). If
FW > 0 for a project, it would be economically justified.

FW Decision Rule: If FW (i = MARR) > 0, the project is economically justified.

Equation (5-3) summarizes the general calculations necessary to determine a
project’s FW:

FW(@i%) = Fo(1 + )N + Fi(1 + )N+ .- + En(1 +1)°

N
=Y Fa+iN (5-3)
k=0
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m The Relationship between FW and PW

Evaluate the FW of the potential improvement project described in Example 5-1.
Show the relationship between FW and PW for this example.

Solution

FW(20%) = —$25,000(F/P,20%, 5)
+ $8,000(F/A,20%, 5) + $5,000
= $2,324.80.

Again, the project is shown to be a good investment (FW > 0). The PW is
a multiple of the equivalent FW value:

PW(20%) = $2,324.80(P/F,20%,5) = $934.29.

To this point, the PW and FW methods have used a known and constant
MARR over the study period. Each method produces a measure of merit expressed
in dollars and is equivalent to the other. The difference in economic information
provided is relative to the point in time used (i.e., the present for the PW versus
the future, or end of the study period, for the FW).

m Sensitivity Analysis Using FW (Example 5-2 Revisited)

"f’ In Example 5-2, the $110,000 retrofitted space-heating system was projected to
f//o"‘ f\ save $30,000 per year in electrical power and be worth $8,000 at the end of the
| Q° six-year study period. Use the FW method to determine whether the project is
\& / still economically justified if the system has zero market value after six years.
' ' The MARR is 15% per year.

Solution

In this example, we need to find the future equivalent of the $110,000 investment
and the $30,000 annual savings at an interest rate of 15% per year.

FW(15%) = —$110,000 (F/P, 15%, 6) + $30,000 (F/A, 15%, 6)
= —$110,000 (2.3131) + $30,000 (8.7537)
— $8,170.

The heating system is still a profitable project (FW > 0) even if it has no market
value at the end of the study period.

5.5 The Annual Worth Method

The AW of a project is an equal annual series of dollar amounts, for a stated study
period, that is equivalent to the cash inflows and outflows at an interest rate that is
generally the MARR. Hence, the AW of a project is annual equivalent revenues or
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savings (R) minus annual equivalent expenses (E), less its annual equivalent capital
recovery (CR) amount, which is defined in Equation (5-5). An annual equivalent
value of R, E, and CR is computed for the study period, N, which is usually in
years. In equation form, the AW, which is a function of i%, is

AW(i%) = R — E — CR(i%). (5-4)

Also, we need to notice that the AW of a project is equivalent to its PW and FW.
Thatis, AW = PW(A/P, i%,N), and AW = FW(A/F, i%, N). Hence, it can be easily
computed for a project from these other equivalent values.

As long as the AW evaluated at the MARR is greater than or equal to zero,
the project is economically attractive; otherwise, it is not. An AW of zero means
that an annual return exactly equal to the MARR has been earned. Many decision
makers prefer the AW method because it is relatively easy to interpret when
they are accustomed to working with annual income statements and cash-flow
summaries.

AW Decision Rule: If AW (i = MARR) > 0, the project is economically justified.

The CR amount for a project is the equivalent uniform annual cost of the capital
invested. It is an annual amount that covers the following two items:

1. Loss in value of the asset
2. Interest on invested capital (i.e., at the MARR)

As an example, consider a device that will cost $10,000, last five years, and have
a salvage (market) value of $2,000. Thus, the loss in value of this asset over five
years is $8,000. Additionally, the MARR is 10% per year.

It can be shown that, no matter which method of calculating an asset’s loss
in value over time is used, the equivalent annual CR amount is the same. For
example, if a uniform loss in value is assumed ($8,000/5 years = $1,600 per
year), the equivalent annual CR amount is calculated to be $2,310, as shown in
Table 5-1.

There are several convenient formulas by which the CR amount (cost) may
be calculated to obtain the result in Table 5-1. Probably the easiest formula to
understand involves finding the annual equivalent of the initial capital investment
and then subtracting the annual equivalent of the salvage value.* Thus,

CR(i%) = I(A/P,i%,N) — S(A/F,i%,N), (5-5)

* The following two equations are alternative ways of calculating the CR amount:

CR(i%) = I — S)(A/F,i%,N) + 1(i%);
CR(i%) = (I — S)(A/P,i%,N) + S(i%).

It is left as a student exercise to show that the above equations are equivalent to Equation (5-5).
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Calculation of Equivalent Annual CR Amount

Interest on
Value of Beginning- CR
Investment  Uniform of-Year Amount
at Beginning Lossin  Investment for PW of CR Amount
Year of Year? Value ati =10% Year ati =10%
1 $10,000 $1,600 $1,000 $2,600  $2,600(P/F, 10%,1) = $2,364
2 8,400 1,600 840 2,440 $2,440(P/F, 10%,2) = $2,016
3 6,800 1,600 680 2,280  $2,280(P/F, 10%,3) = $1,713
4 5,200 1,600 520 2,120 $2,120(P/F, 10%,4) = $1,448
5 3,600 1,600 360 1,960  $1,960(P/F, 10%,5) = $1,217

$8,758
CR(10%) = $8,758(A/P, 10%, 5) = $2,310.

 This is also referred to later as the beginning-of-year unrecovered investment.

where [ = initial investment for the project;*
S = salvage (market) value at the end of the study period;
N = project study period.

Thus, by substituting the CR(i%) expression of Equation (5-5) into the AW
expression, Equation (5-4) becomes

AW(i%) =R —E —I1(A/P,i%,N) + S(A/F,i%,N).
When Equation (5-5) is applied to the example in Table 5-1, the CR cost is
CR(10%) = $10,000(A/P,10%, 5) — $2,000(A/F,10%, 5)
= $10,000(0.2638) — $2,000(0.1638) = $2,310.

EXAMPLE 5-8

Using AW to Evaluate the Purchase of New Equipment
(Example 5-1 Revisited)

By using the AW method and Equation (5-4), determine whether the equipment
described in Example 5-1 should be recommended.

Solution
The AW Method applied to Example 5-1 yields the following:

R-E CR amount [Equation (5-5)]

AW (20%) = m — [$25,000(A/P,20%,5) — $5,000(A/F,20%, 5)]
= $8,000 — $8,359.50 + $671.90
= $312.40.

* In some cases, the investment will be spread over several periods. In such situations, I is the PW of all investment
amounts.
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Because its AW(20%) is positive, the equipment more than pays for itself over
a period of five years, while earning a 20% return per year on the unrecovered
investment. In fact, the annual equivalent “surplus” is $312.40, which means
that the equipment provided more than a 20% return on beginning-of-year
unrecovered investment. This piece of equipment should be recommended as
an attractive investment opportunity. Also, we can confirm that the AW(20%)
is equivalent to PW(20%) = $934.29 in Example 5-1 and FW(20%) = $2,324.80 in
Example 5-6. That is,

AW (20%) = $934.29(A/P,20%, 5) = $312.40, and also
AW(20%) = $2,324.80(A/F,20%,5) = $312.40.

When revenues are absent in Equation (5-4), we designate this metric as
EUAC(i%) and call it “equivalent uniform annual cost.” A low-valued EUAC(i%)
is preferred to a high-valued EUAC(i%).

Equivalent Uniform Annual Cost of a Corporate Jet

A corporate jet costs $1,350,000 and will incur $200,000 per year in fixed costs
(maintenance, licenses, insurance, and hangar rental) and $277 per hour in
variable costs (fuel, pilot expense, etc.). The jet will be operated for 1,200 hours
per year for five years and then sold for $650,000. The MARR is 15% per year.

(a) Determine the capital recovery cost of the jet.
(b) What is the EUAC of the jet?

Solution
(@) CR =$%1,350,000 (A/P, 15%, 5) — $650,000 (A/F, 15%, 5) = $306,310.

(b) The total annual expense for the jet is the sum of the fixed costs and the
variable costs.

E = $200,000 + (1,200 hours)($277/hour) = $532,400
EUAC(15%) = $532,400 + $306,310 = $838,710

Determination of Annual Savings by Using the AW Method
(Example 5-2 Revisited)

Consider the retrofitted space-heating system described in Example 5-2. Given
the investment of $110,000 and market value of $8,000 at the end of the six-year
study period, what is the minimum annual electrical power savings (in kWh)
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required to make this project economically acceptable? The MARR = 15% per
year and electricity costs $0.10 per kWh.

Solution

To make this project acceptable, the annual power savings must be at least as
great as the annual CR amount. Using Equation (5-5),

CR = $110,000(A/P, 15%, 6) — $8,000 (A/F, 15%, 6) = $28,148.40.

This value ($28,148.40) is the minimum annual dollar savings needed to justify
the space-heating system. This equates to

$28,148.40
$0.10/kWh

If the space-heating system can save 281,480 kWh per year, it is economically
justified (exactly 15% is earned on the beginning-of-year unrecovered invest-
ment). Any savings greater than 281,480 kWh per year (such as the original
estimate of 300,000 kWh per year) will serve to make this project even more
attractive.

= 281,480 kWh per year.

Avoid Getting Fleeced on an Auto Lease

Automobile leases are built around three factors: negotiated sales price, residual
value, and interest rate. The residual value is what the dealership expects the
car’s value will be when the vehicle is returned at the end of the lease period. The
monthly cost of the lease is the capital recovery amount determined by using
these three factors.

(a) Determine the monthly lease payment for a car that has an agreed-upon sales
price of $34,995, an APR of 9% compounded monthly, and an estimated
residual value of $20,000 at the end of a 36-month lease.* An up-front
payment of $3,000 is due when the lease agreement (contract) is signed.

(b) If the estimated residual value is raised to $25,000 by the dealership to get
your business, how much will the monthly payment be?

Solution

(a) The effective sales priceis $31,995 ($34,995 less the $3,000 due at signing). The
monthly interest rate is 9% /12 = 0.75% per month. So the capital recovery
amount is:

CR = $31,995(A/P, 0.75%, 36) — $20,000(A/F, 0.75%, 36)
= $1,017.44 — $486
= $531.44 per month.

* There are many excellent Web sites offering free calculators for car loans, home mortgages, life insurance,
and credit cards. In this regard, check out www.choosetosave.org.
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(b) The capital recovery amount is now $1,017.44 — $25,000 (A/F, 0.75%, 36) =
$409.94 per month. But the customer might experience an actual residual
value of less than $25,000 and have to pay the difference in cash when the
car is returned after 36 months. This is the “trap” that many experience
when they lease a car, so be careful not to drive the car excessively or to
damage it in any way.

5.6 The Internal Rate of Return Method

The IRR method is the most widely used rate-of-return method for performing
engineering economic analyses. It is sometimes called by several other names, such
as the investor’s method, the discounted cash-flow method, and the profitability index.

This method solves for the interest rate that equates the equivalent worth of
an alternative’s cash inflows (receipts or savings) to the equivalent worth of cash
outflows (expenditures, including investment costs). Equivalent worth may be
computed using any of the three methods discussed earlier. The resultant interest
rate is termed the Internal Rate of Return (IRR). The IRR is sometimes referred to as
the breakeven interest rate.

For a single alternative, from the lender’s viewpoint, the IRR is not positive unless
(1) both receipts and expenses are present in the cash-flow pattern, and (2) the sum of receipts
exceeds the sum of all cash outflows. Be sure to check both of these conditions in order
to avoid the unnecessary work involved in finding that the IRR is negative. (Visual
inspection of the total net cash flow will determine whether the IRR is zero or less.)

Using a PW formulation, we see that the IRR is the i'%* at which

N N
> Re(P/F,i'%,k) = " Ex(P/F,i'%,k), (5-6)
k=0 k=0

where Ry = net revenues or savings for the kth year;
Ej = net expenditures, including any investment costs for the kth year;
N = project life (or study period).

Once i’ has been calculated, it is compared with the MARR to assess whether the
alternative in question is acceptable. If i/ > MARR, the alternative is acceptable;
otherwise, it is not.

IRR Decision Rule: If IRR > MARR, the project is economically justified.

A popular variation of Equation (5-6) for computing the IRR for an alternative
is to determine the i’ at which its net PW is zero. In equation form, the IRR is the

* i’ is often used in place of i to mean the interest rate that is to be determined.
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value of i’ at which
N N
PW =Y "Ri(P/F,i'%,k) — Y Ex(P/F,i'%,k) = 0. (5-7)
k=0 k=0

For an alternative with a single investment cost at the present time followed by
a series of positive cash inflows over N, a graph of PW versus the interest rate
typically has the general convex form shown in Figure 5-3. The point at which
PW = 0 in Figure 5-3 defines i’%, which is the project’s IRR. The value of i'% can
also be determined as the interest rate at which FW = 0 or AW = 0.

Another way to interpret the IRR is through an investment-balance diagram.
Figure 5-4 shows how much of the original investment in an alternative is still to
be recovered as a function of time. The downward arrows in Figure 5-4 represent
annual returns, (Rx—Ey) for1 < k < N, against the unrecovered investment, and the
dashed lines indicate the opportunity cost of interest, or profit, on the beginning-
of-year investment balance. The IRR is the value of i’ in Figure 5-4 that causes the
unrecovered investment balance to exactly equal zero at the end of the study period (year
N) and thus represents the internal earning rate of a project. It is important to notice
that i'% is calculated on the beginning-of-year unrecovered investment through the
life of a project rather than on the total initial investment.

The method of solving Equations (5-6) and (5-7) normally involves trial-and-
error calculations until the i'% is converged upon or can be interpolated. Example
5-12 presents a typical solution. We also demonstrate how a spreadsheet application
significantly assists in the computation of the IRR.

Figure 5-3 Plot of PW versus
Interest Rate
+
i'%
PW(i%) 0
i%
P(1+1i")
T Pa+ ) - (R - EDIA )
1+1i -
Unrecovered - 144 *
Investment ge=~ (R, — Ey) .
Balance, $ " (R,— E») etc.
L+ ’__ T Note: Ry would include market

-

= —(R3 _Ey) /{s;lvage) value, if any, at time N.

= Initial Investment = P J

*—’I‘ 1+ 7
(Ry-1= Ey-DY _e=""
| | /\/ | (RN_ EN) $0
0 1 2 3

Years

Figure 5-4 Investment-Balance Diagram Showing IRR
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m Economic Desirability of a Project Using the IRR Method

AMT, Inc., is considering the purchase of a digital camera for the maintenance
of design specifications by feeding digital pictures directly into an engineering
workstation where computer-aided design files can be superimposed over
the digital pictures. Differences between the two images can be noted, and
corrections, as appropriate, can then be made by design engineers. The capital
investment requirement is $345,000 and the estimated market value of the
system after a six-year study period is $115,000. Annual revenues attributable
to the new camera system will be $120,000, whereas additional annual expenses
will be $22,000. You have been asked by management to determine the IRR of
this project and to make a recommendation. The corporation’s MARR is 20% per
year. Solve first by using linear interpolation and then by using a spreadsheet.

Solution by Linear Interpolation

In this example, we can easily see that the sum of positive cash flows ($835,000)
exceeds the sum of negative cash flows ($455,000). Thus, itis likely that a positive-
valued IRR can be determined. By writing an equation for the PW of the project’s
total net cash flow and setting it equal to zero, we can compute the IRR:

PW = 0 = —$345,000 + ($120,000 — $22,000)(P/A, i'%, 6)
+ $115,000(P/F, i'%, 6)
"% =7

To use linear interpolation, we first need to try a few values for i’. A good starting
point is to use the MARR.

At i =20%: PW = —$345,000 + $98,000(3.3255) + $115,000(0.3349)
= +$19,413
Since the PW is positive at 20%, we know that i’ > 20%.

Ati’ =25%: PW = —$345,000 + $98,000(2.9514) + $115,000(0.2621)
= —$25,621

Now that we have both a positive and a negative PW, the answer is bracketed
(20% < i'% < 25%). The dashed curve in Figure 5-5 is what we are linearly
approximating. The answer, i’ %, can be determined by using the similar triangles
represented by dashed lines in Figure 5-5.

line BA  line dA

line BC _ line de
Here, BA is the line segment B — A = 25% — 20%. Thus,

25% — 20% % —20%
$19,413 — (—$25,621)  $19,413 — $0
i’ ~22.16%.

Because the IRR of the project (22.16%) is greater than the MARR, the project is
acceptable.
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Figure 5-5 Use of
Linear Interpolation to $19,413 + *B
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of IRR for Example 5-12 :
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—$25,621 + C
A B C D E
1 |MARR = 20%
2 | Capital investment = $ 345,000
3 | Market value = 5 115,000
4 | Annual Revenues = $ 120,000
5 |Annual Expenses = $ 22,000
B | Study Period = B years
8 EQY Cash Flow EOY Cash Flow
) 0 $ (345,000) 0 $ (345,000)
10 1 51 98,000 1 3 98,000
= B$4-B$5 [H-H 2 gl 98,000 2 $ 98,000
12 3 $ 98,000 3 $ 98,000
3 4 3 98,000 4 3 98,000
14 7] $ 98,000 & $ 98,000
15 (5] $ 98,000 6 b 213,000
16 6 $ 115,000
=B3 4
18 Internal Rate of Return | ¢ 22.03%
=B15 + Bl6
— =IRR(E%:E15,B1)

Figure 5-6 Spreadsheet Solution, Example 5-12

Spreadsheet Solution

Figure 5-6 displays the spreadsheet solution for this example. The Excel function
IRR(range, guess) requires the net cash flows for the study period and an initial
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guess for the IRR value (using the MARR is a good idea). Unlike the trial-and-
error approach required when solving for the IRR by hand, the Excel IRR function
is direct and simple. In cell E18, the IRR is calculated to be 22.03%.

Evaluation of New Equipment Purchase, Using the Internal
Rate of Return Method (Example 5-1 Revisited)

A piece of new equipment has been proposed by engineers to increase the
productivity of a certain manual welding operation. The investment cost is
$25,000, and the equipment will have a market (salvage) value of $5,000 at the
end of its expected life of five years. Increased productivity attributable to the
equipment will amount to $8,000 per year after extra operating costs have been
subtracted from the value of the additional production. Use a spreadsheet to
evaluate the IRR of the proposed equipment. Is the investment a good one?
Recall that the MARR is 20% per year.

Spreadsheet Solution

The spreadsheet solution for this problem is shown in Figure 5-7. In column E
of Figure 5-7(a), the individual EOY cash flows for year five (net annual savings

P I B l c | D ! =
1 |MARR = 20%
Capital
2 |Investment = 3 25000
3 |Market Value=| § 5,000
4 |Useful Life = 5
Net Annual '
5 |Savings = 5 8,000
B
- R2 7 EOY Cash Flow | EQY Cash Flow - B8
e g 1] § 4 (25000) 0 '§ & (25000) il
9 1 $ I 8,000 | 1 % 8,000
10 2 3 8,000 2 3 8,000
= $B$5 1 3 3 8,000 =, 3 8,000
12 4 % 8,000 4 & 8,000
13 5 $ 8,000 | 5 |§ ' 13,000
14 5 $ 5,000 = B13 + B14
=B i
16 IRR = ) 21.58%|

= IRR(E8:E13, B1)

(a) Direct Computation of IRR

Figure 5-7 Spreadsheet Solution, Example 5-13
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(b) Graphical Determination of IRR

Figure 5-7 Continued

and market value) are combined into a single entry for the direct computation
of the IRR via the IRR function. The IRR for the proposed piece of equipment is
21.58%, which is greater than the MARR of 20%. Thus, we conclude that the new
equipment is economically feasible. We reached the same conclusion by using
the equivalent worth method in previous examples, summarized as follows:

Example 5-1 PW(20%) = $934.29;
Example 5-6 FW(20%) = $2,324.80; and

Example 5-8 AW (20%) = $312.40.

Figure 5-7(b) is a graph of the PW of the proposed equipment as a function
of the interest rate, i. For the given problem data, the graph shows the IRR to
be approximately 22%. This graph can be used to get a feel for how the IRR
fluctuates with changes in the original cash-flow estimates. For example, if the
net annual savings estimate [cell B5 of Figure 5-7(a)] is revised to be $7,500, the
graph would update and show the IRR to be 19%, and the project would no
longer be economically viable.
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A final point needs to be made for Example 5-13. The investment-balance
diagram is provided in Figure 5-8, and the reader should notice that i’ = 21.577% is
a rate of return calculated on the beginning-of-year unrecovered investment. The

IRR is not an average return each year based on the total investment of $25,000.

5.6.1 Installment Financing

A rather common application of the IRR method is in so-called installment financing
types of problems. These problems are associated with financing arrangements for
purchasing merchandise “on time.” The total interest, or finance, charge is often
paid by the borrower on the basis of what amount is owed at the beginning of the
loan instead of on the unpaid loan balance, as illustrated in Figure 5-8. Usually,
the average unpaid loan balance is about one-half of the initial amount borrowed.
Clearly, a finance charge based solely on the entire amount of money borrowed
involves payment of interest on money not actually borrowed for the full term.
This practice leads to an actual interest rate that often greatly exceeds the stated
interest rate. To determine the true interest rate being charged in such cases, the IRR
method is frequently employed. Examples 5-14, 5-15, and 5-16 are representative

installment-financing problems.

$30,394
¥ $27,226
121577 .7 -
e | 38000 §23,375
= ™ i $8,000 4
& &~ == 121577 " $18,692
£ [$25000  $22,394 e 8,000
2 ~=" 121577 | ¥8: P
-
5 $19,226 P s8000  $12.999
g ~=7121577 A
o . $15,375 o
¢ | [mr=r=215m% \_‘ wossy 121577
= equals the rate o ,
= return calculated on the $13.000
beginning-of-year unrecovered investment.
0 | | | ) ~30
1 2 3 4 5
Years

Figure 5-8 Investment-Balance Diagram for Example 5-13

m Do You Know What Your Effective Interest Rate Is?

In 1915, Albert Epstein allegedly borrowed $7,000 from a large New York bank
on the condition that he would repay 7% of the loan every three months, until

VIDEQ
SOLUTIONS
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a total of 50 payments had been made. At the time of the 50th payment, the
$7,000 loan would be completely repaid. Albert computed his annual interest
rate to be [0.07($7,000) x 4]/$7,000 = 0.28 (28%).

(a) What true effective annual interest rate did Albert pay?
(b) What, if anything, was wrong with his calculation?

Solution

(@) The true interest rate per quarter is found by equating the equivalent value
of the amount borrowed to the equivalent value of the amounts repaid.
Equating the AW amounts per quarter, we find

$7,000(A/P,i' % /quarter, 50 quarters) = 0.07($7,000) per quarter,

(A/P,i'%,50) = 0.07.

Linearly interpolating to find i'%/quarter by using similar triangles is the

next step:

(A/P,i%, 50)

(A/P,6%,50) = 0.0634,
(A/P,7%,50) = 0.0725.

00725 ¢ —===========- 7' C
- d

0.07

-+ B

6% 7%
line de _ line Cd
line BA line CB

7% —1% _ 0.0725—0.07
7% — 6%  0.0725 — 0.0634"

0.0025
%= 7% — 1% (o> )
% =7% %<0.0091)

ori'% =~ 6.73% per quarter.
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Now we can compute the effective i’ % per year that Albert was paying:
i'% = [(1.0673)* — 11100%
>~ 30% per year.

(b) Even though Albert’s answer of 28% is close to the true value of 30%, his
calculation is insensitive to how long his payments were made. For instance,
he would get 28% for an answer when 20, 50, or 70 quarterly payments
of $490 were made! For 20 quarterly payments, the true effective interest
rate is 14.5% per year, and for 70 quarterly payments, it is 31% per year.
As more payments are made, the true annual effective interest rate being
charged by the bank will increase, but Albert’s method would not reveal by
how much.

Another Solution

When the initial loan amount, the payment amount, and the number of
payments are known, Excel has a useful financial function, RATE (nper, pmt,
pv), that will return the interest rate per period. For this example,

RATE(50, —490, 7000) = 6.73%.

This is the same quarterly interest rate we obtained via linear interpolation in
Part (a).

m Be Careful with “Fly-by-Night” Financing!

The Fly-by-Night finance company advertises a “bargain 6% plan” for financing
the purchase of automobiles. To the amount of the loan being financed, 6% is
added for each year money is owed. This total is then divided by the number of
months over which the payments are to be made, and the result is the amount of
the monthly payments. For example, a woman purchases a $10,000 automobile
under this plan and makes an initial cash payment of $2,500. She wishes to pay
the $7,500 balance in 24 monthly payments:

Purchase price = $10,000
—Initial payment = 2,500
= Balance due, (Pg) = 7,500
+6% finance charge = 0.06 x 2 years x $7,500 = 900
= Total to be paid = 8400
.". Monthly payments (A) = $8,400/24 = $350

What effective annual rate of interest does she actually pay?



SECTION 5.6 / THE INTERNAL RATE OF RETURN MeTHoD 2711

Solution

Because there are to be 24 payments of $350 each, made at the end of each
month, these constitute an annuity (A) at some unknown rate of interest, i'%,
that should be computed only upon the unpaid balance instead of on the entire
$7,500 borrowed. A cash-flow diagram of this situation is shown below.

A = $350 per Month

End of Month

Py = $7.500

In this example, the amount owed on the automobile (i.e., the initial unpaid
balance) is $7,500, so the following equivalence expression is employed to
compute the unknown monthly interest rate:

Py = A(P/A,i'%,N),
$7,500 = $350/month(P/A, i %, 24 months),
$7,500
$350

Examining the interest tables for P/A factors at N = 24 that come closest to 21.43,
we find that (P/A, 3/4%, 24) = 21.8891 and (P/A, 1%, 24) = 21.2434.

Using the linear interpolation procedure, the IRR is computed as 0.93% per
month*, since payments are monthly. The nominal rate paid on the borrowed
money is 0.93%(12) = 11.16% compounded monthly. This corresponds to an
effective annual interest rate of [(1 + 0.0093)'* — 1] x 100% = 12%. What
appeared at first to be a real bargain turns out to involve effective annual interest
attwice the stated rate. The reason is that, on the average, only $3,750 is borrowed
over the two-year period, but interest on $7,500 over 24 months was charged by
the finance company.

(P/A,i'%,24) = — 21.43.

* Using Excel, RATE(24, —350, 7500) = 0.93%.

Effective Interest Rate for Purchase of New Aircraft Equipment

A small airline executive charter company needs to borrow $160,000 to pur-
chase a prototype synthetic vision system for one of its business jets. The SVS is
intended to improve the pilots’ situational awareness when visibility is impaired.
The local (and only) banker makes this statement: “We can loan you $160,000 at
a very favorable rate of 12% per year for a five-year loan. However, to secure this
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loan, you must agree to establish a checking account (with no interest) in which
the minimum average balance is $32,000. In addition, your interest payments
are due at the end of each year, and the principal will be repaid in a lump-sum
amount at the end of year five.” What is the true effective annual interest rate
being charged?

Solution

The cash-flow diagram from the banker’s viewpoint appears below. When
solving for an unknown interest rate, it is good practice to draw a cash-
flow diagram prior to writing an equivalence relationship. Notice that Py =
$160,000 — $32,000 = $128,000. Because the bank is requiring the company
to open an account worth $32,000, the bank is only $128,000 out of pocket.
This same principal applies to F5 in that the company only needs to repay
$128,000 since the $32,000 on deposit can be used to repay the original principal.

F5 = $128,000

A = 0.12($160,000) = $19,200 ‘

[ I I

1 2 3 4 5
End of Year

Py = $128,000 (= $160,000 — $32,000)
The interest rate (IRR) that establishes equivalence between positive and
negative cash flows can now easily be computed:*
Py =F5(P/F,i'%,5) + A(P/A,i'%,5),
$128,000 = $128,000(P/F,i'%,5) + $19,200(P/A,i'%, 5).

If we try i’ = 15%, we discover that $128,000 = $128,000. Therefore, the true
effective interest rate is 15% per year.

* Several Web sites provide excellent tutorials for equivalent worth (e.g., PW) and rate-of-return calculations.
For example, see www.investopedia.com and www.datadynamica.com/IRR.asp.

5.6.2 Difficulties Associated with the IRR Method

The PW, AW, and FW methods assume that net receipts less expenses (positive
recovered funds) each period are reinvested at the MARR during the study
period, N. However, the IRR method is not limited by this common assumption
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and measures the internal earning rate of an investment.* The reinvestment rate
for the IRR method is the computed value of the IRR.

Two difficulties with the IRR method are its computational difficulty and the
occurrence of multiple IRRs in some types of problems. A procedure for dealing
with seldom-experienced multiple rates of return is discussed and demonstrated in
Appendix 5-A. Generally speaking, multiple rates are not meaningful for decision-
making purposes, and another method of evaluation (e.g., PW) should be utilized.

Another possible drawback to the IRR method is that it must be carefully
applied and interpreted in the analysis of two or more alternatives when only one
of them is to be selected (i.e., mutually exclusive alternatives). This is discussed
further in Chapter 6. The key advantage of the method is its widespread acceptance
by industry, where various types of rates of return and ratios are routinely used in
making project selections. The difference between a project’s IRR and the required
return (i.e., MARR) is viewed by management as a measure of investment safety.
A large difference signals a wider margin of safety (or less relative risk). Another
difficulty of the IRR method is that the actual reinvestment rate may be much lower
than the computed IRR.

5.7 The External Rate of Return Method?

The reinvestment assumption of the IRR method may not be valid in an engineering
economy study. For instance, if a firm’s MARR is 20% per year and the IRR for a
projectis42.4%, it may not be possible for the firm to reinvest net cash proceeds from
the project at much more than 20%. This situation, coupled with the computational
demands and possible multiple interest rates associated with the IRR method, has
givenrise to other rate of return methods that can remedy some of these weaknesses.

One such method is the ERR method. It directly takes into account the interest
rate (€) external to a project at which net cash flows generated (or required) by the
project over its life can be reinvested (or borrowed). If this external reinvestment
rate, which is usually the firm’s MARR, happens to equal the project’s IRR, then
the ERR method produces results identical to those of the IRR method.

In general, three steps are used in the calculating procedure. First, all net cash
outflows are discounted to time zero (the present) at €% per compounding period.
Second, all net cash inflows are compounded to period N at €%. Third, the ERR,
which is the interest rate that establishes equivalence between the two quantities,
is determined. The absolute value of the present equivalent worth of the net cash
outflows at €% (first step) is used in this last step. In equation form, the ERR is the
i'% at which

N N
> Ex(P/F,€%,k)(F/P,i%,N) = Ri(F/P,e%,N — k), (5-8)
k=0 k=0

* See H. Bierman and S. Smidt, The Capital Budgeting Decision: Economic Analysis of Investment Projects, 8th ed. (Upper
Saddle River, NJ: Prentice Hall, 1993). The term internal rate of return means that the value of this measure depends
only on the cash flows from an investment and not on any assumptions about reinvestment rates: “One does not
need to know the reinvestment rates to compute the IRR. However, one may need to know the reinvestment rates to
compare alternatives” (p. 60).

t This method is also known as the “modified internal rate of return” (MIRR) method. For example, see C. S. Park and
G. P. Sharp-Bette, Advanced Engineering Economy. (New York: John Wiley & Sons, 1990), 223-226.
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where Ry = excess of receipts over expenses in period k;
Ej = excess of expenditures over receipts in period k;
N = project life or number of periods for the study;
€ = external reinvestment rate per period.

Graphically, we have the following (the numbers relate to the three steps):

N
©) 3 Ry (FIP. €%, N~k)

(.)/__-_ i’%—?--.....__\\I ©)
@ l Time N

N
2 Eyc (PIF. €%, k)

A project is acceptable when i'% of the ERR method is greater than or equal to the

firm’s MARR.

ERR Decision Rule: If ERR > MARR, the project is economically justified.

The ERR method has two basic advantages over the IRR method:

1. It can usually be solved for directly, without needing to resort to trial and error.

2. Itis not subject to the possibility of multiple rates of return. (Note: The multiple-
rate-of-return problem with the IRR method is discussed in Appendix 5-A.)

m Calculation of the ERR

Referring to Example 5-13, suppose that € = MARR = 20% per year. What is the

project’s ERR, and is the project acceptable?

Solution

By utilizing Equation (5-8), we have the following relationship to solve for i":

$25,000(F/P,i'%,5) = $8,000(F/A,20%, 5) + $5,000,

, $64,532.80 .

F/P,i'%,5) = ———— — 25813 = (1 +1)°,

E/P,7%,59) = =550 500 (+1)
' = 20.88%.

Because i’ > MARR, the project is justified, but just barely.
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Determining the Acceptability of a Project, Using ERR

When € =15% and MARR = 20% per year, determine whether the project
(whose net cash-flow diagram appears next) is acceptable. Notice in this example
soubEo that the use of an €% different from the MARR is illustrated. This might occur

if, for some reason, part or all of the funds related to a project are “handled”
outside the firm’s normal capital structure.

$5,000
1 i i
0 1
L [l \
j 2 3 4 5 6
End of Year

$10,000

Solution

Ey = $10,000 (k = 0),
E1 =$5,000 (k =1),
Ry = $5,000 fork =2, 3,...,6,

[$10,000 + $5,000(P/F,15%,1)1(F/P,i'%,6) = $5,000(F /A, 15%, 5);
"% = 15.3%.

The % is less than the MARR = 20%; therefore, this project would be
unacceptable according to the ERR method.

5.8 The Payback (Payout) Period Method

All methods presented thus far reflect the profitability of a proposed alternative
for a study period of N. The payback method, which is often called the simple
payout method, mainly indicates a project’s liquidity rather than its profitability.
Historically, the payback method has been used as a measure of a project’s
riskiness, since liquidity deals with how fast an investment can be recovered. Alow-
valued payback period is considered desirable. Quite simply, the payback method
calculates the number of years required for cash inflows to just equal cash outflows.
Hence, the simple payback period is the smallest value of 6(0 < N) for which this
relationship is satisfied under our normal EOY cash-flow convention. For a project
where all capital investment occurs at time 0, we have

0
> Ry —Ep)—1I=0. (5-9)
k=1
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The simple payback period, 6, ignores the time value of money and all cash
flows that occur after #. If this method is applied to the investment project in
Example 5-13, the number of years required for the undiscounted sum of cash
inflows to exceed the initial investment is four years. This calculation is shown in
Column 3 of Table 5-2. Only when 6 = N (the last time period in the planning
horizon) is the market (salvage) value included in the determination of a payback
period. As can be seen from Equation (5-9), the payback period does not indicate
anything about project desirability except the speed with which the investment
will be recovered. The payback period can produce misleading results, and it is
recommended as supplemental information only in conjunction with one or more
of the five methods previously discussed.

Sometimes, the discounted payback period, 8'(6" < N), is calculated so that the
time value of money is considered. In this case,

9/
Y (Ri = E)(P/F,i%,k) =1 >0,
k=1

(5-10)

where i% is the MARR, [ is the capital investment usually made at the present
time (k = 0), and 0’ is the smallest value that satisfies Equation (5-10). Table 5-2
(Columns 4 and 5) also illustrates the determination of 8" for Example 5-13. Notice
that 0’ is the first year in which the cumulative discounted cash inflows exceed the
$25,000 capital investment. Payback periods of three years or less are often desired
in U.S. industry, so the project in Example 5-13 could be rejected, even though
it is profitable. [IRR = 21.58%, PW(20%) = $934.29.] The simple and discounted
payback periods are shown graphically in Figure 5-9.

Calculation of the Simple Payback Period (¢) and the
Discounted Payback Period (9’) at MARR = 20% for
Example 5-13°

Column 3 Column 4 Column 5
Column 1 Column 2 Cumulative PW PW of Cumulative PW
End of Net Cash ati = 0%/yr Cash Flow ati =20%/yr
Year k Flow through Year k ati = 20%/yr through Year k
0 —$25,000 —$25,000 —$25,000 —$25,000
1 8,000 —17,000 6,667 —18,333
2 8,000 —9,000 5,556 —12,777
3 8,000 —1,000 4,630 —8,147
4 8,000 +7,000 3,858 —4,289
5 13,000 5,223 +934
1 1

0 = 4 years because the
cumulative balance
turns positive at

EOY 4.

0’ = 5 years because the
cumulative discounted
balance turns positive
at EOY 5.

2 Notice that 0’ > 6 for MARR > 0%.
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Figure 5-9 Graph of Cumulative PW for Example 5-13

Determining the Simple Payback Period

Apublicschoolis being renovated for $13.5 million. The building has geothermal
heating and cooling, high-efficiency windows, and a solar array that permits
the school to sell electricity back to the local electric utility. The annual value of
these benefits is estimated to be $2.7 million. In addition, the residual value of
the school at the end of its 40-year life is negligible. What is the simple payback
period and internal rate of return for the renovated school?

Solution
The simple payback period is
$13.5 million
$2.7 million/year

= 5 years.
This is fairly good for a publically sponsored project. The IRR can be computed
using the equation

0 = —$13.5 million + $2.7 million (P/A, i’ %, 40),

yielding i’ % (the IRR) = 20% per year. The IRR indicates the project is profitable
for a MARR of 20% per year or less.

This variation (¢’) of the simple payback period produces the breakeven life of
a project, in view of the time value of money. However, neither payback period
calculation includes cash flows occurring after 6 (or 6’). This means that 6 (or 6)
may not take into consideration the entire useful life of physical assets. Thus,
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these methods will be misleading if one alternative has a longer (less desirable)
payback period than another but produces a higher rate of return (or PW) on the
invested capital.

Using the payback period to make investment decisions should generally be
avoided except as a secondary measure of how quickly invested capital will be
recovered, which is an indicator of project risk. The simple payback and discounted
payback period methods tell us how long it takes cash inflows from a project to
accumulate to equal (or exceed) the project’s cash outflows. The longer it takes to
recover invested monies, the greater is the perceived riskiness of a project.

5.9 CASE STUDY—A Proposed Capital Investment to Improve Process Yield

Many engineering projects aim at improving facility utilization and process yields.
This case study illustrates an engineering economy analysis related to the redesign
of a major component in the manufacture of semiconductors.

Semiconductor manufacturing involves taking a flat disc of silicon, called
a wafer, and depositing many layers of material on top of it. Each layer has a
pattern on it that, upon completion, defines the electrical circuits of the finished
microprocessor. Each 8-inch wafer has up to 100 microprocessors on it. However,
the typical average yield of the production line is 75% good microprocessors
per wafer.

At one local company, the process engineers responsible for the chemical-
vapor-deposition (CVD) tool (i.e., process equipment) that deposits one of the many
layers have an idea for improving overall yield. They propose to improve this tool’s
vacuum with a redesign of one of its major components. The engineers believe the
project will result in a 2% increase in the average production yield of nondefective
microprocessors per wafer.

This company has only one CVD tool, and it can process 10 wafers per hour. The
process engineers have determined that the CVD tool has an average utilization
rate (i.e,, “time running”) of 80%. A wafer costs $5,000 to manufacture, and a
good microprocessor can be sold for $100. These semiconductor fabrication plants
(“fabs”) operate 168 hours per week, and all good microprocessors produced can
be sold.

The capital investment required for the project is $250,000, and maintenance
and support expenses are expected to be $25,000 per month. The lifetime of the
modified tool will be five years, and the company uses a 12% MARR per year
(compounded monthly) as its “hurdle rate.”

Before implementing the proposed engineering solution, top management has
posed the following questions to you (hired as an independent consultant) to
evaluate the merits of the proposal:

(a) Based on the PW method, should the project be approved?

(b) If the achievable improvement in production yield has been overestimated by
the process engineers, at what percent yield improvement would the project
breakeven?
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Solution

You start your economic evaluation of the engineering proposal by first calculating
the production rate of wafers. The average number of wafers per week is

(10 wafers/hour) x (168 hours/week) x (0.80) = 1,344.

Since the cost per wafer is $5,000 and good microprocessors can be sold for
$100 each, you determine that profit is earned on each microprocessor produced
and sold after the 50th microprocessor on each wafer. Thus, the 2% increase in
production yield is all profit (i.e., from 75 good microprocessors per wafer on the
average to 76.5). The corresponding additional profit per wafer is $150. The added
profit per month, assuming a month is (52 weeks/year -+ 12 months per year) =
4.333 weeks, is

(1,344 wafers/week)(4.333 weeks/month)($150/wafer) = $873,533.
Therefore, the PW of the project is

PW(1%) = —$250,000 — $25,000(P/A, 1% per month, 60 months)
+ $873,533(P/A, 1%, 60)

= $37,898,813.
You advise company management that, based on PW, the project should be
undertaken.

It is known that at the breakeven point, profit equals zero. That is, the PW of
the project is equal to zero, or PW of costs = PW of revenues. In other words,

$1,373,875 = (1,344 wafers/week) x (4.333 weeks/month) x ($X/wafer)
x (P/A, 1%, 60),
where X = $100 times the number of extra microprocessors per wafer. Then,
$1,373,875
(1,344)(4.333)(44.955)

Thus, ($5.25/$100) = 0.0525 extra microprocessors per wafer (total of 75.0525)
equates PW of costs to PW of revenues. This corresponds to a breakeven increase
in yield of

= X, or X = $5.25 per wafer.

1.5 die per wafer 2.0% increase

0.0525 die per wafer  breakeven increase’

or breakeven increase in yield = 0.07%.

You advise management that an increase of only 0.07% in process yield would
enable the project to breakeven. Thus, although management may believe that the
process engineers have overestimated projected process yield improvements in the
past, there is quite a bit of “economic safety margin” provided by the engineers
in their current projection of process yield improvement as long as the other
assumptions concerning the average utilization rate of the CVD tool, the wafer
production rate, and the plant operating hours are valid. — =
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5.10 Electronic Spreadsheet Modeling:
Payback Period Method

We continue modeling skill development with a spreadsheet that determines both
the simple and discounted payback periods. Like the learning curve model in
Section 3.6, this model was created incrementally: (1) the simple payback model was
created and validated, then (2) the discounted payback enhancement was added
by inserting the Discount Factor and Adjusted Cash Flows columns. This piecewise
approach is common as models become more complex.

Equation (5-9) contains four variables used to determine the simple payback
period: annual revenue (Rj), annual expense (Ey), the capital investment (I), and
the number of years (k). For greater flexibility, we use separate columns for the
annual revenues and expenses as seen in Figure 5-10. Input values not directly tied
to each row are placed in the upper left corner of the worksheet for ease of location
and modification.

The remaining infrastructure consists of columns for Period, Revenue, Expense,
Net Cash Flow, Discount Factor, Adjusted Cash Flow, Cumulative Cash Flow, and Payback
Period. Rows represent each period. Following the conventions in the Chapter 3
model, cells for user input are outlined. These are B3:B4, B7, and B8:C12. We
arbitrarily selected a 5-year study period, knowing that we can extend the study
period by copying the base formulas down the worksheet.

The next step is to create the base formulas needed to determine the payback
period. The formula in cell C7 transfers the initial investment in B4 to the work
area. Cell D7 contains the first intermediate calculation, which determines the net
cash flow for each period.

Cell E7 calculates the present worth factor based on the time period and the
MARR. Cell F7 adjusts the net cash flow value for the time value of money. If
the MARR is zero, the present worth factor is unity and the net cash flows are
unaffected, resulting in the simple payback period. A positive MARR results in the
discounted payback period.

The basic infrastructure to support the results area is complete. The next step
is to incorporate the summation operation from Equation (5-9) to determine the
payback period, which involves a cumulative sum from k = 0, up to the end of
each period. To do this with a single formula, we use mixed addressing, as described
in Appendix A. This model introduces a new level of complexity. The measure of
merit is no longer the result of a single calculation, but of an accumulation of other
calculations.

The payback period is the smallest positive value of 6. To make this transition
from negative to positive stand out, we format column G so that negative values
are blue and positive values are black. To further enhance the visibility of the
result, column H uses an IF function to display a blank if the cumulative cash flows
are less than or equal to zero, or the period number if the cumulative cash flows
are positive. As this is the final answer, the range is shaded in a different color to
make it more prominent. Cell H5 contains a formula to label the type of analysis,
simple or discounted, to emphasize the measure of merit used.
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The final step in creating the model is to copy all of the base cell formulas down
the worksheet. Highlight D7:H7 and copy down to row 12. If the payback period
is greater than 5 years, simply copy the formulas further down the worksheet.

The model shows values of 4 and 5 in column H. As the payback period is the
smallest value of §, we conclude that the payback period is 4 years, assuming the
time period is years. We know that this is the simple payback period because of
the label in H5, as well as an MARR of zero.

Errors are an unfortunate fact of spreadsheet models. The errors in formulas,
logic, or use can be there from the start, or enter over time. This model provides
a Notes area to help users understand the input requirements and the results,
a Key area to highlight the functions of the various infrastructure cells, and a
Documentation area that displays the original unique formulas as well as their
purpose. This last area is used to verify that the formulas have remained unchanged
with use.

While the payback criterion model is complete and we have a solution, the
modeling process is not yet over. Remember that models, no matter how elegant
and detailed, are simplifications of reality. As such, they need to be explored before
you can have confidence in the results.

In this particular model, we can explore the impact of changes in investment,
annual revenues, and annual expenses on the payback period. What perturbations
in initial values will cause a change in the measure of merit? Which parameter has
the greatest impact? How does using the simple or discounted method change the
payback period? How high does the MARR have to be for the two methods to give
different results? These types of questions will be explored in later chapters.

5.11 Try Your Skills

The number in parentheses that follows each problem refers to the section
from which the problem is taken. Solutions to these problems can be found in
Appendix G.

5-A. “Thehigher the MARR, the higher the price that a company should be willing
to pay for equipment that reduces annual operating expenses.” Do you agree
with this statement? Explain your answer. (5.2)

5-B. A project your firm is considering for implementation has these estimated
costs and revenues: an investment cost of $50,000; maintenance costs that
start at $5,000 at the end of year (EOY) 1 and increase by $1,000 for each of
the next 4 years, and then remain constant for the following 5 years; savings
of $20,000 per year (EOY 1-10); and finally a resale value of $35,000 at the
EOY 10. If the project has a 10-year life and the firm’s MARR is 10% per
year, what is the present worth of the project? Is it a sound investment
opportunity? (5.3)

5-C. The higher the FICO score, the lower the interest rate on a car loan. (For
more on FICO scores, refer to www.f1ico.com.) For example, the total interest
paid on a $20,000 car loan over 3 years will be $2,181 for a FICO score of
660. The total interest on a $20,000 car loan with a FICO score of 760 will be
only $1,056. Thus, the higher FICO score results in a total savings of $1,125



5-D.

5-E.
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5-H.
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(over the life of the loan) or $31.25 per month. If the MARR of the buyer is
1% per month, what is the present worth of the savings? Be sure to state your
assumptions. (5.3)

A company has issued 10-year bonds, with a face value of $1,000,000, in
$1,000 units. Interest at 8% is paid quarterly. If an investor desires to earn 12%
nominal interest (compounded quarterly) on $10,000 worth of these bonds,
what would the purchase price have to be? (5.3)

The cash flow diagram below has an internal rate of return of 35%. What is
the value of Y if perpetual service is assumed? (5.3)

$Y $Y $Y $Y ,\[ $Y

4 3
$500,000
0 1
| 1 } N
l 2 3 4 5 6 s
$500,000
$1,000,000

A drug store is looking into the possibility of installing a 24/7-automated
prescription refill system to increase its projected revenues by $20,000 per year
over the next 5 years. Annual expenses to maintain the system are expected
to be $5,000. The system will cost $50,000 and will have no market value at
the end of the 5-year study period. The store’s MARR is 20% per year. Use
the AW method to evaluate this investment. (5.5)

. An office supply company has purchased a light duty delivery truck for

$15,000. It is anticipated that the purchase of the truck will increase the
company’s revenue by $10,000 annually, whereas the associated operating
expenses are expected to be $3,000 per year. The truck’s market value is
expected to decrease by $2,500 each year it is in service. If the company plans
to keep the truck for only 2 years, whatis the annual worth of this investment?
The MARR = 18% per year. (5.5)

Anderson County has 35 older-model school buses that will be salvaged for
$5,000 each. These buses cost $144,000 per year for fuel and maintenance.
Now the county will purchase 35 new school buses for $40,000 each. They
will travel an average of 2,000 miles per day for a total of 360,000 miles per
year. These new buses will save $10,000 per year in fuel (compared with the
older buses) for the entire group of 35 buses. If the new buses will be driven
for 15 years and the county’s MARR is 6% per year, what is the equivalent
uniform annual cost of the new buses if they have negligible market value
after 15 years? (5.5)

. An assembly operation at a software company now requires $100,000 per

year in labor costs. A robot can be purchased and installed to automate this
operation. The robot will cost $200,000 and will have no market value at the
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end of the 10-year study period. Maintenance and operation expenses of the
robot are estimated to be $64,000 per year. Invested capital must earn at least
12% per year. Use the IRR method to determine if the robot is a justifiable
investment. (5.6)

The “Arctic Express” mutual fund company invests its monies in Russia. They
claim that money invested with them will quadruple in value over the next
10 years. Suppose you decide to invest $200 per month for the next 10 years
in this fund. If their claim is true, what effective annual rate of return (IRR)
will you have earned in this fund? (5.6)

5-K. A small start-up biotech firm anticipates that it will have cash outflows of

5.12 Summary

$200,000 per year at the end of the next 3 years. Then the firm expects a
positive cash flow of $50,000 at the EOY 4 and positive cash flows of $250,000
at the EOY 5-9. Based on these estimates, would you invest money in this
company if your MARR is 15% per year? (all sections).

. In your own words, explain to your grandmother why the values of various

government bonds go up when the interest rates in the U.S. economy

drops. (5.3)

Throughout this chapter, we have examined five basic methods for evaluating the
financial profitability of a single project: PW, AW, FW, IRR, and ERR. These methods
lead to the use of simple decision rules for economic evaluation of projects as
presented in Table 5-3. Two supplemental methods for assessing a project’s liquidity
were also presented: the simple payback period and the discounted payback period.
Computational procedures, assumptions, and acceptance criteria for all methods
were discussed and illustrated with examples. Appendix B provides a listing of
new abbreviations and notations that have been introduced in this chapter.

Summary of Decision Rules

Economic Measure

of Merit Notes Decision Rule
AW, PW, FW All are functions of the If PW (or AW, FW) > 0, accept
MARR the project; otherwise, reject it
IRR, ERR Solve for unknown interest If i/ > MARR, accept the project;
rate, i’ otherwise, reject it

Problems

Unless stated otherwise, discrete compounding of  of the book. All MARRs are “per year.” The number
interest and end-of-period cash flows should be in parentheses that follows each problem refers to the
assumed in all problem exercises for the remainder  section from which the problem is taken.



5-1. Tennessee Tool Works (TTW) is considering
investment in five independent projects, Any profitable
combination of them is feasible.

A B C D E

Capital investment

(millions) $10 $25 $30 $30 $5
Annual rate of
profit (%) 30 10 12 15 25

TTW has $50 million available to invest, and these
funds are currently earning 7% interest annually from
municipal bonds. If the funds available are limited to
$50 million, what is TTW’s MARR that is implied by
this particular situation? (5.2)

%= | 5-2. Buildings that are constructed to be envi-
")"'| ronmentally responsible are referred to as “green
buildings.” They cut down on energy consumption,
increase water efficiency, improve indoor air quality,
and use recycled materials in their construction.
According to recent studies, money spent on a green
building will pay for itself ten times over the 50-year life
of the building. Assuming end-of-year annual savings
of P/5, where P is the investment cost of the building,
draw a cash flow diagram for this situation. (5.3)

5-3. Josh Ritchey has just been hired as a cost engineer
by a large airlines company. Josh’s first idea is to stop
giving complimentary cocktails, wine, and beer to the
international flying public. He calculates this will save
5,000,000 drinks per year, and each drink costs $0.50, for
atotal of $2.5 million per year. Instead of complimentary
drinks, Josh estimates that the airlines company can
sell 2,000,000 drinks at $5.00 per drink. The net savings
would amount to $12.5 million per year! Josh’s boss
really likes the idea and agrees to give Josh a lump-
sum bonus now equaling 0.1% of the present equivalent
worth of three years of net savings. If the company’s
MARR is 20% per year, what is Josh’s bonus? (5.3)

5-4. Evaluateacombined cycle power plant on the basis
of the PW method when the MARR is 12% per year.
Pertinent cost data are as follows: (5.3)

Power Plant
(thousands of $)

$13,000
15 years

Investment cost
Useful life
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Market value (EQY 15) $3,000
Annual operating expenses $1,000
Overhaul cost—end of 5th year $200
Overhaul cost—end of 10th year ~ $550

5-5. To join an upscale country club, an individual
must first purchase a membership bond for $20,000. In
addition, monthly membership dues are $250. Suppose
an individual wants to put aside a lump sum of money
now to pay for her basic country club membership
expenses (including the $20,000 bond) over the next
30 years. She can earn an APR of 6%, compounded
monthly, on her investments. What amount must this
person now commit to the membership? (5.3)

4| 5-6. A large induced-draft fan is needed for an

1| upgraded industrial process. The motor to drive

|this fan is rated at 100 horsepower, and the motor will

operate at full load for 8,760 hours per year. The motor’s
efficiency is 92%. Because the motor is fairly large, a
demand charge of $92 per kilowatt per year will be
incurred in addition to an energy charge of $0.08 per
kilowatt-hour. If the installed cost of the motor is $4,000,
what is the present worth of the motor over a 10-year
period when the MARR is 15% per year? (5.3)

5-7. A new municipal refuse-collection truck can be
purchased for $84,000. Its expected useful life is six
years, at which time its market value will be zero.
Annual receipts less expenses will be approximately
$18,000 per year over the six-year study period. Use the
PW method and a MARR of 18% to determine whether
this is a good investment. (5.3)

5-8. The winner of a state lottery will receive $5,000 per
week for the rest of her life. If the winner’s interest rate is
6.5% per year compounded weekly, what is the present
worth of this jackpot? (5.3)

Y- 5-9. A new six-speed automatic transmission

1| for automobiles offers an estimated 4% improve-

‘ment in fuel economy compared to traditional four-

speed transmissions in front-wheel drive cars. If a
four-speed transmission car averages 30 miles per
gallon and gasoline costs $4.00 per gallon, how much
extra can a motorist pay for a fuel-efficient six-speed
transmission? Assume that the car will be driven for
120,000 miles over its lifetime of 10 years. The motorist

|can earn 6% per year on investments. (5.3)

5-10. What is the maximum price you will pay for a
bond with a face value of $1,000 and a coupon rate of
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14%, paid annually, if you want a yield to maturity of
10%? Assume that the bond will mature in 10 years and
the first payment will be received in one year. (5.3)

5-11. Last month Jim purchased $10,000 of U.S.
Treasury bonds (their face value was $10,000). These
bonds have a 30-year maturity period, and they pay
1.5% interest every three months (i.e., the APRis 6%, and
Jim receives a check for $150 every three months). But
interest rates for similar securities have since risen to a
7% APR because of interest rate increases by the Federal
Reserve Board. In view of the interest-rate increase to
7%, what is the current value of Jim’s bonds? (5.3)

5-12. The price of a 10-year bond can decline by
approximately 9% if interest rates rise by 1% point. To
illustrate this, suppose you own a 10-year U.S. Treasury
bond that has a bond rate of 2% per year. How much
money will you lose if the value of the bond today is
$10,000 (face value of the bond) and the yield increases
to 3% within the next few months? (5.3)

5-13. A company sold a $1,000,000 issue of bonds with
a 15-year life, paying 4% interest per year. The bonds
were sold at par value. If the company paid a selling
fee of $50,000 and has an annual expense of $70,256 for
mailing and record keeping, what is the true rate of
interest that the company is paying for the borrowed
money? (5.3)

5-14. A U.S. government bond matures in 10 years. Its
quoted price is now 96.4, which means the buyer will
pay $96.40 per $100 of the bond’s face value. The bond
pays 5% interest on its face value each year. If $10,000
(the face value) worth of these bonds are purchased
now, what is the yield to the investor who holds the
bonds for 10 years? (5.3)

5-15. The Western Railway Company (WRC) has been
offered a 100-year contract to haul a fixed amount of coal
each year from Wyoming to Illinois. Under the terms
of the agreement, WRC will receive $4,200,000 now in
exchange for its hauling services valued at $360,000
at the end of year (EOQY) one, $375,000 at EOY 2 and
continuing to grow by $15,000 per year through EOY
100. If WRC’s cost of capital is 12% per year, is this a
profitable agreement for WRC? (5.3)

5-16.

a. What is the CW, when i = 10% per year, of $1,500
per year, starting in year one and continuing forever;
and $10,000 in year five, repeating every four years
thereafter, and continuing forever? (5.3)

b. When i = 10% per year in this type of problem,
what value of N, practically speaking, defines
“forever”? (5.3)

5-17. A city is spending $20 million on a new sewage
system. The expected life of the system is 40 years,
and it will have no market value at the end of its life.
Operating and maintenance expenses for the system are
projected to average $0.6 million per year. If the city’s
MARR is 8% per year, what is the capitalized worth of
the system? (5.3)

5-18. A foundation was endowed with $15,000,000 in
July 2010. In July 2014, $5,000,000 was expended for
facilities, and it was decided to provide $250,000 at the
end of each year forever to cover operating expenses.
The first operating expense is in July 2015, and the
first replacement expense in July 2014. If all money
earns interest at 5% after the time of endowment, what
amount would be available for the capital replacements
at the end of every fifth year forever? (Hint: Draw a
cash-flow diagram first.) (5.3)

5-19. Vidhi is investing in some rental property in
Collegeville and is investigating her income from the
investment. She knows the rental revenue will increase
each year, but so will the maintenance expenses. She has
been able to generate the data that follows regarding
this investment opportunity. Assume that all cash flows
occur at the end of each year and that the purchase and
sale of this property are not relevant to the study. If
Vidhi’'s MARR = 6% per year, what is the FW of Vidhi’s
projected net income? (5.4)

Year Revenue Year Expenses
1 $6,000 1 $3,100
2 6,200 2 3,300
3 6,300 3 3,500
4 6,400 4 3,700
5 6,500 5 3,900
6 6,600 6 6,100
7 6,700 7 4,300
8 6,800 8 4,500
9 6,900 9 4,700

10 7,000 10 4,900

5-20. After graduation, you have been offered an
engineering job with a large company that has offices
in Tennessee and Pennsylvania. The salary is $55,000
per year at either location. Tennessee’s tax burden (state
and local taxes) is 6% and Pennsylvania’s is 3.07%. If
you accept the position in Pennsylvania and stay with



the company for 10 years, what is the FW of the tax
savings? Your personal MARR is 10% per year. (5.4)

5-21. Determine the FW of the following engineering
project when the MARR is 15% per year. Is the project
acceptable? (5.4)

Proposal A
Investment cost $10,000
Expected life 5 years
Market (salvage) value” —$1,000
Annual receipts $8,000
Annual expenses $4,000

7 A negative market value means that there is
a net cost to dispose of an asset.

5-22. What are the PW and FW of a 20-year geometric
cash-flow progression increasing at 2% per year if the
first year amount is $1,020 and the interest rate is 10%
per year? (5.4)

5-23. Fill in Table P5-23 below when P = $10,000,
S = $2,000 (at the end of four years), and i = 15% per
year. Complete the accompanying table and show that
the equivalent uniform CR amount equals $3,102.12.
(5.5)
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PROBLEMS

5-24. Given that the purchase price of a machine is
$1,000 and its market value at EOQY four is $300,
complete Table P5-24 below [values (a) through (f)],
using an opportunity cost of 5% per year. Compute the
equivalent uniform CR amount, using information from
the completed table. (5.5)

[ J ] 5-25. A simple, direct space heating system is
") currently being used in a professional medical

office complex. An upgraded “variable air-volume
system” retrofit can be purchased and installed for
$200,000 (investment cost). Its power savings in the
future will be 500,000 kilo-Watt hours per year over its
estimated life of 8 years. The cost of electricity is $0.10
per kilo-Watt hour. If the firm’s cost of capital is 12% per
year and the residual value of the system in 8 years is
$20,000, should the new system be purchased? Use the
present worth method. (5.3)

5-26. Refer to the following table of cash flows:

End of year 0 4 8 12 16
Cash flow  $5,000 $5,000 $5,000 $5,000 $5,000

What is the annual worth of these cash flows over 16
years when i = 5% per year? (5.5)

5-27. A company is considering constructing a plant to
manufacture a proposed new product. The land costs

Table for Problem 5-23

Investment Opportunity Cost Loss in Value Capital
Beginning of Interest of Asset Recovery
Year of Year (i = 15%) During Year Amount for Year
1 $10,000 ——1 $3,000 —— 1
2 | | | $2,000 1
3 | | [ | $2,000 1
4 | | | | | ] | ]

Table for Problem 5-24

Investment at

Opportunity Cost

Loss in Value of  Capital Recovery

Year Beginning of Year (5% per Year) Asset During Year Amount for Year
1 $1,000 $50 $(a) $250
2 (b) (©) 200 240
3 600 30 200 230
4 (d) 20 (e) (f)
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$300,000, the building costs $600,000, the equipment
costs $250,000, and $100,000 additional working capital
is required. It is expected that the product will result
in sales of $750,000 per year for 10 years, at which
time the land can be sold for $400,000, the building
for $350,000, and the equipment for $50,000. All of the
working capital would be recovered at the EOY 10. The
annual expenses for labor, materials, and all other items
are estimated to total $475,000. If the company requires
a MARR of 15% per year on projects of comparable risk,
determine if it should invest in the new product line.
Use the AW method. (5.5)

| 24-| 5-28. A 50-kilowatt gas turbine has an invest-
L) '| ment cost of $40,000. It costs another $14,000
for shipping, insurance, site preparation, fuel lines,
and fuel storage tanks. The operation and maintenance
expense for this turbine is $450 per year. Additionally,
the hourly fuel expense for running the turbine is $7.50
per hour, and the turbine is expected to operate 3,000
hours each year. The cost of dismantling and disposing
of the turbine at the end of its 8-year life is $8,000. (5.5)

a. If the MARR is 15% per year, what is the annual
equivalent life-cycle cost of the gas turbine?

b. What percent of annual life-cycle cost is related to
fuel?

M« | 5-29. Combined-cycle power plants use two
|.1""| combustion turbines to produce electricity. Heat
| from the first turbine’s exhaust is captured to heat water
and produce steam sent to a second steam turbine
that generates additional electricity. A 968-megawatt
combined-cycle gas fired plant can be purchased for
$450 million, has no salvage value, and produces a net
cash flow (revenues less expenses) of $50 million per
year over its expected 30-year life. (5.5, 5.8)

a. If the hurdle rate (MARR) is 12% per year, how
profitable an investment is this power plant?

b. What is the simple payback period for the plant? Is
this investment acceptable?

5-30. Your sister just bought a new car having a sticker
price (manufacturer’s suggested retail price) of $36,000.
She was crafty and was able to negotiate a sales price
of $33,500 from the auto dealership. In addition, she
received $4,500 for her old trade-in car under the U.S.
government’s “Cash for Clunkers” program. If her
new car will have a resale value of $3,500 after seven
years when your sister will shop for a replacement car,
what is the annual capital recovery cost of your sister’s
purchase? The relevant interest rate is 8% per year, and

your sister can afford to spend a maximum of $5,000
per year to finance the car (operating and other costs
are extra). (5.5)

24| 5-31. An environmentally friendly green home

O

41 (99% air tight) costs about 8% more to construct
than a conventional home. Most green homes can save
15% per year on energy expenses to heat and cool the
dwelling. For a $250,000 conventional home, how much
would have to be saved in energy expenses per year
when the life of the home is 30 years and the interest
rate is 10% per year? Assume the additional cost of a

‘green home has no value at the end of 30 years. (5.5)

5-32. Your company is considering the introduction of
a new product line. The initial investment required for
this project is $500,000, and annual maintenance costs
are anticipated to be $45,000. Annual operating costs
will be directly proportional to the level of production
at $8.50 per unit, and each unit of product can be sold
for $65. If the MARR is 15% and the project has a life of
5 years, what is the minimum annual production level
for which the project is economically viable? (5.5)

' J 5-33. Stan Moneymaker has been informed of
)| a major automobile manufacturer’s plan to

conserve on gasoline consumption through improved
engine design. The idea is called “engine displace-
ment,” and it works by switching from 8-cylinder opera-
tion to 4-cylinder operation at approximately 40 miles
per hour. Engine displacement allows enough power to
accelerate from a standstill and to climb hills while also
permitting the automobile to cruise at speeds over 40
miles per hour with little loss in driving performance.
The trade literature studied by Stan makes the
claim that the engine displacement option will cost the
customer an extra $1,200 on the automobile’s sticker
price. This option is expected to save 4 miles per
gallon (an average of in-town and highway driving).
A regular 8-cylinder engine in the car that Stan is
interested in buying gets an average of 20 miles per
gallon of gasoline. If Stan drives approximately 1,200
miles per month, how many months of ownership will
be required to make this $1,200 investment pay for itself?
Stan’s opportunity cost of capital (i) is 0.5% per month,

|and gasoline costs $4.00 per gallon. (5.3)

2= 5-34. The world’s largest carpet maker has just
1| completed a feasibility study of what to do with

|the 16,000 tons of overruns, rejects, and remnants it

produces every year. The company’s CEO launched
the feasibility study by asking, why pay someone to

|dig coal out of the ground and then pay someone else



to put our waste into a landfill? Why not just burn
our own waste? The company is proposing to build
a $10-million power plant to burn its waste as fuel,
thereby saving $2.8 million a year in coal purchases.
Company engineers have determined that the waste-
burning plant will be environmentally sound, and after
its four-year study period the plant can be sold to alocal
electric utility for $5 million. (5.6)

a. What is the IRR of this proposed power plant?

b. If the firm’s MARR is 15% per year, should this
project be undertaken?

%4+ | 5-35. Each year in the United States nearly
' \""| 5 billion pounds of discarded carpet end up
in land fills. In response to this situation, the carpet
manufacturer in Problem 5-34 has decided to start
a take-back program whereby obsolete carpet is
reclaimed at the end of its useful life (about 7 years).
The remanufactured carpet will then be recycled into the
company’s supply chain. The out-of-pocket (variable)
cost of recycling is $1.00 per square yard of carpet, and
the remanufactured carpet can be sold for $3.00 per
square yard. If the recycling equipment costs $1 million
and has no market value at the end of its eight-year life,
how much carpet must be remanufactured annually
to make this a profitable undertaking? The company’s
MARR is 15% per year. (5.5)

5-36. A large automobile manufacturer is considering
the installation of a high-tech material handling system
for $30,000,000. This system will save $7,500,000 per
year in manual labor, and it will incur $2,750,000 in
annual operating and maintenance expenditures. The
salvage value at the end of the system’s 10-year life
is negligible. If the company’s hurdle rate (MARR) is
10% per year, should the system be recommended for
implementation? (5.6)

5-37. The EZ Credit Company offers to loan a college
student $6,000 for school expenses. Repayment of the
loan will be in monthly installments of $304.07 for
24 months. The total repayment of money is $7,297.68,
which includes the original $6,000, $1,207.04 in interest
charges, and $90.64 for a required life insurance policy
covering the amount of the loan. Assume monthly
compounding of interest. What nominal interest rate
is being charged on this loan? (5.6)

% 5-38. A loan of $3,000 for a new, high-end laptop
computer is to be repaid in 15 end-of-month payments
(starting one month from now). The monthly payments
are determined as follows.
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Loan principal $3,000
Interest for 15 months at
1.5% per month 675
Loan application fee 150
Total $3,825

Monthly payment = $3,825/15 = $255

What nominal and effective interest rates per year are
actually being paid? Hint: Draw a cash-flow diagram
from the perspective of the lender. (5.6)

[ - | 5-39. Alarge lithium-ion phosphate battery pack
" \'| for an industrial application is expected to save

$20,000 in annual energy expenses over its 6-year life.
For a 3-year simple payback period, the permissible
capital investment is $60,000. What is the internal rate
of return on this $60,000 battery pack if it has a residual
value of $10,000 at the end of 6 years? The MARR is 18%

| per year. (5.6)

5-40. In July of 2012, Taylor purchased 2,000 shares
of XYZ common stock for $75,000. He then sold 1,000
shares of XYZ in July of 2013 for $39 per share. The
remaining 1,000 shares were finally sold for $50 per
share in July 2014. (5.6, 5.7)

a. Draw a cash-flow diagram of this situation.

b. What was Taylor’s internal rate of return (IRR) on

this investment?

c¢. What was the ERR on this investment if the external
reinvestment rate is 8% per year?

24+ | 5-41. Nowadays it is very important to reduce
\"'| one’s carbon “footprint” (how much carbon we
produce in our daily lifestyles). Minimizing the use
of fossil fuels and instead resorting to renewable
sources of energy (e.g., solar energy) are vital to a
“sustainable” lifestyle and a lower carbon footprint.
Let’s consider solar panels that prewarm the water
fed to a conventional home water heater. The solar
panels have an installed cost of $3,000, and they reduce
the homeowner’s energy bill by $30 per month. The
residual value of the solar panels is negligible at the
end of their 10-year life. What is the annual effective

|IRR of this investment? (5.6)

5-42. Sergeant Jess Frugal has the problem of running
out of money near the end of each month (he gets paid
once a month). Near his army base there is a payday
lender company, called Predatory Lenders, Inc., that
will give Jess a cash advance of $350 if he will repay
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the loan a month later with a post-dated check for
$375. Almost as soon as Frugal’s check for $375 clears
the bank, he unfortunately must again borrow $350 to
make ends meet. Jess’s wife has gotten a bit concerned
that her husband might be paying an exorbitant interest
rate to this payday lender. Assuming Jess has repeated
this borrowing and repayment scheme for 12 months in
a row, what effective annual interest rate is he really
paying? Is Jess’s wife correct in her worry? Hint:
Draw a cash-flow diagram from the viewpoint of the
lender. (5.6)

5-43. At a military base in Texas, Corporal Stan
Moneymaker has been offered a wonderful savings
plan. These are the salesperson’s words: “During your
48-month tour of duty, you will invest $200 per month
for the first 45 months. We will make the 46th, 47th, and
48th payments of $200 each for you. When you leave
the service, we will pay you $10,000 cash.”

Is this a good deal for Corporal Moneymaker? Use
the IRR method in developing your answer. What
assumptions are being made by Corporal Moneymaker
if he enters into this contract? (5.6)

5-44. To purchase a used automobile, you borrow
$10,000 from Loan Shark Enterprises. They tell you the
interest rate is 1% per month for 35 months. They also
charge you $200 for a credit investigation, so you leave
with $9,800 in your pocket. The monthly payment they
calculated for you is

$10,000 (0.1) (35) + $10,000
35

= $385.71/month.

If you agree to these terms and sign their contract, what
is the actual APR (annual percentage rate) that you are
paying? (5.6)

5-45. Your boss has just presented you with the
summary in the accompanying table of projected costs
and annual receipts for a new product line. He asks
you to calculate the IRR for this investment opportunity.
What would you present to your boss, and how would
you explain the results of your analysis? (It is widely
known that the boss likes to see graphs of PW versus
interest rate for this type of problem.) The company’s
MARR is 10% per year. (5.6)

End of Net Cash
Year Flow
0 —$450,000
1 —42,500
2 492,800
3 +386,000
4 +614,600
5 —$202,200

5-46. Expertsagree that the IRR of a college education is
about 12% /yr. This results from the increased earnings
over your lifetime. Draw a CFD that supports the 12%
annual return over the 40 years of your career. State your
assumptions. (5.6)

5-47. A company has the opportunity to take over a
redevelopment project in an industrial area of a city.
No immediate investment is required, but it must raze
the existing buildings over a four-year period and, at
the end of the fourth year, invest $2,400,000 for new
construction. It will collect all revenues and pay all costs
for a period of 10 years, at which time the entire project,
and properties thereon, will revert to the city. The net
cash flows are estimated to be as follows:

Year End Net Cash Flow

$500,000
300,000
100,000
—2,400,000
150,000
200,000
250,000
300,000
350,000
400,000

O O 0N ONU b WN -~

—_

Tabulate the PW versus the interest rate and determine
whether multiple IRRs exist. If so, use the ERR method
when € = 8% per year to determine a rate of return. (5.7)

5-48. The prospective exploration for oil in the outer
continental shelf by a small, independent drilling
company has produced a rather curious pattern of cash
flows, as follows:



End of Year Net Cash Flow
0 —$520,000
1-10 +200,000
10 —1,500,000

The $1,500,000 expense at EOY 10 will be incurred
by the company in dismantling the drilling rig.

a. Over the 10-year period, plot PW versus the interest
rate (/) in an attempt to discover whether multiple
rates of return exist. (5.6)

b. Based on the projected net cash flows and results in
Part (a), what would you recommend regarding the
pursuit of this project? Customarily, the company
expects to earn at least 20% per year on invested
capital before taxes. Use the ERR method (€ =20%).

(5.7)

%+ | 5-49. In this problem, we consider replacing
"] an existing electrical water heater with an array
of solar panels. The net installed investment cost of the
panels is $1,400 (52,000 less a 30% tax credit from the
government). Based on an energy audit, the existing
water heater uses 200 kilowatt hours (kWh) of electricity
per month, so at $0.12 per kWh, the cost of operating
the water heater is $24 per month. Assuming the solar
panels can save the entire cost of heating water with
electricity, answer the following questions. (5.6, 5.8)

a. What is the simple payback period for the solar
panels?

b. What is the IRR of this investment if the solar panels
have a life of 10 years?

' 24| 5-50. Anintegrated, combined cycle power plant

Y] produces 285 MW of electricity by gasifying coal.
‘The capital investment for the plant is $570 million,
spread evenly over two years. The operating life of the
plant is expected to be 20 years. Additionally, the plant
will operate at full capacity 75% of the time (downtime
is 25% of any given year). (5.8)

a. If this plant will make a profit of three cents per
kilowatt-hour of electricity sold to the power grid,
what is the simple payback period of the plant? Is it
a low-risk venture?

b. What is the IRR for the plant? Is it profitable?
| %< | 5-51. A computer call center is going to replace

1| all of its incandescent lamps with more energy-
efficient fluorescent lighting fixtures. The total energy
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|savings are estimated to be $1,875 per year, and the

cost of purchasing and installing the fluorescent fixtures
is $4,900. The study period is five years, and terminal
market values for the fixtures are negligible. (5.8)

a. What is the IRR of this investment?

b. What is the simple payback period of the
investment?

c. Isthere a conflict in the answers to Parts (a) and (b)?
List your assumptions.

d. The simple payback “rate of return” is 1/6. How
close does this metric come to matching your answer
in Part (a)?

5-52. A plasma arc furnace has an internal combustion
temperature of 7,000°C and is being considered for
the incineration of medical wastes at a local hospital.
The initial investment is $300,000 and annual revenues
are expected to be $175,000 over the six-year life of
the furnace. Annual expenses will be $100,000 at the
end of year one and will increase by $5,000 each year
thereafter. The resale value of the furnace after six years
is $20,000. (5.6, 5.8)

a. What is the simple payback period of the furnace?
b. What is the internal rate of return on the furnace?

5-53. Advanced Modular Technology (AMT) typically
exhibits net annual revenues that increase over a fairly
long period. In the long run, an AMT project may be
profitable as measured by IRR, but its simple payback
period may be unacceptable. Evaluate this AMT project
using the IRR method when the company MARR is
15% per year and its maximum allowable payback
period is three years. What is your recommenda-
tion? (5.6, 5.8)

Capital investment at time 0 $100,000

Net revenues in year k $20,000+
$10,000 - (k —1)

Market (salvage) value $10,000

Life 5 years

5-54. The American Pharmaceutical Company (APC)
has a policy that all capital investments must have a

four-year or less discounted payback period in order to
be considered for funding. The MARR at APC is 8% per
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End of Year Cash Flow
0 —$275,000
1 —$35,000
2 $55,000
3 $175,000
4 $250,000
5 $350,000
6-10 $100,000

year. Is the above project able to meet this benchmark
for funding? (5.8)

5-55. The International Parcel Service has installed
a new radio frequency identification system to help
reduce the number of packages that are incorrectly
delivered. The capital investment in the system is
$65,000, and the projected annual savings are tabled
below. The system’s market value at the EOY five is
negligible, and the MARR is 18% per year.

End of Year Savings
1 $25,000
2 30,000
3 30,000
4 40,000
5 46,000

a. What is the FW of this investment?
b. What is the IRR of the system?

c¢. What is the discounted payback period for this
investment?

| M= | 5-56. The Fischer-Tropsch (F-T) process was
)" developed in Germany in 1923 to convert syn-
ithesis gas (i.e, a mixture of hydrogen and carbon
monoxide) into liquid with some gaseous hydrocar-
bons. Interestingly, the F-T process was used in World
War II to make gasoline and other fuels. (5.8)

a. If the U.S. military can save one billion gallons per
year of foreign oil by blending its jet fuel with F-T
products, how much can the government afford to
invest (through tax breaks and subsidies) in the F-T
industry in the United States? The government’s
MARR is 7% per year, the study period is 40 years,
and one gallon of jet fuel costs $2.50.

b. If Congress appropriates $25 billion to support the
F-T process industry, what is the simple payback
period?

| 2<| 5-57. Asolarsea power plant (SSPP) is being con-

1| sidered in a North American location known for
its high temperature ocean surface and its much lower
ocean temperature 100 meters below the surface. Power
can be produced based on this temperature differential.
With high costs of fossil fuels, this particular SSPP may
be economically attractive to investors. For an initial
investment of $100 million, annual net revenues are
estimated to be $15 million in years 1-5 and $20 million
in years 6-20. Assume no residual market value for the
SSPP. (5.8)

a. What is the simple payback period for the SSPP?

b. What is the discounted payback period when the
MARR is 6% per year?

c¢. Would you recommend investing in this project?

= | 5-58. Aremotely situated fuel cell has an installed
)] cost of $2,000 and will reduce existing survei-

lance expenses by $350 per year for eight years. The

border security agency’s MARR is 10% per year. (5.6)

a. What is the minimum salvage (market) value
after eight years that makes the fuel cell worth
purchasing?

b. What is the fuel cell’s IRR if the salvage value is
negligible?

" J 5-59. A new automotive “dry paint” separation
)| process is environmentally friendly and is

expected to save $8.00 per car painted at a Detroit plant.
The installed cost of the process is $8 million, and
250,000 cars are painted each year. What is the simple
payback for the new technology? (5.8)

5-60.

a. Calculate the IRR for each of the three cash-flow
diagrams that follow. Use EOY zero for (i) and EOY
four for (ii) and (iii) as the reference points in time.
What can you conclude about “reference year shift”
and “proportionality” issues of the IRR method?

b. Calculate the PW at MARR = 10% per year at EOY
zero for (i) and (ii) and EOY four for (ii) and (iii).
How do the IRR and PW methods compare?
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$5,000

%.5-61. A group of private investors borrowed
$30 million to build 300 new luxury apartments near
a large university. The money was borrowed at 6%
annual interest, and the loan is to be repaid in equal
annual amounts (principal and interest) over a 40-year
period. Annual operating, maintenance, and insurance
expenses are estimated to be $4,000 per apartment,
and these expenses are incurred independently of the
occupancy rate for the apartments. The rental fee
for each apartment will be $12,000 per year, and the
worst-case occupancy rate is projected to be 80%. (5.5)

a. How much profit (or loss) will the investors make
each year with 80% occupancy?

b. Repeat Part (a) when the occupancy rate is 95%.

5-62. Javier borrows $50,000 from a local bank at
an APR of 9%, compounded monthly. His monthly
payments amount to $50,000 (A/P, 0.75%, 60) = $1,040
for a 60-month loan. If Javier makes an extra payment
on the first month of each year, his repayment duration
for the loan will be reduced by how many months? (5.5)

5-63. Extended Learning Exercise A company is
producing a high-volume item that sells for $0.75 per

Spreadsheet Exercises
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unit. The variable production cost is $0.30 per unit. The
company is able to produce and sell 10,000,000 items
per year when operating at full capacity.

The critical attribute for this product is weight.
The target value for weight is 1,000 grams, and the
specification limits are set at 50 grams. The filling
machine used to dispense the product is capable
of weights following a normal distribution with an
average (1) of 1,000 grams and a standard deviation
(o) of 40 grams. Because of the large standard deviation
(with respect to the specification limits), 21.12% of all
units produced are not within the specification limits.
(They either weigh less than 950 grams or more than
1,050 grams.) This means that 2,112,000 out of 10,000,000
units produced are nonconforming and cannot be sold
without being reworked.

Assume that nonconforming units can be reworked
to specification at an additional fixed cost of $0.10 per
unit. Reworked units can be sold for $0.75 per unit. It
has been estimated that the demand for this product
will remain at 10,000,000 units per year for the next five
years.

To improve the quality of this product, the company
is considering the purchase of a new filling machine.
The new machine will be capable of dispensing the
product with weights following a normal distribution
with u = 1,000 grams and o = 20 grams. As a result, the
percent of nonconforming units will be reduced to 1.24%
of production. The new machine will cost $710,000 and
will last for at least five years. At the end of five years,
this machine can be sold for $100,000.

a. If the company’s MARR is 15% per year, is the
purchase of the new machine to improve quality
(reduce variability) economically attractive? Use the
AW method to make your recommendation.

b. Compute the IRR, simple payback period, and

discounted payback period of the proposed
investment.

c. What other factors, in addition to reduced total
rework costs, may influence the company’s decision
about quality improvement?

5-64. Jane Roe’s plan is to accumulate $250,000 in her
personal savings account by the time she retires at 60.
The longer she stalls on getting started, the tougher it

will be to meet her objective. Jane is now 25 years old.
Create a spreadsheet to complete the following table
to show how much Jane will have to save each year
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(assuming she waits N years to start saving) to have
$250,000 in her account when she is 60. Comment on
the pattern you observe in the table. (5.4)

Interest Rate per Year

4% 8% 12%
N=5
N =10
N=15
N =20

5-65. An investor has a principal amount of $P. If he
desires a payout (return) of 0.1P each year, how many
years will it take to deplete an account that earns 8% per
year?

0.1P =P(A/P,8%,N), so N = 21 years.

A payout duration table can be constructed for
select payout percentages and compound interest rates.
Complete the following table. (Note: table entries are
years.) Summarize your conclusions about the pattern
observed in the table. (5.5)

Interest Rate per Year

4% 6% 8% 10%
Payout per Year 10% 20.9
(% of principal) 20%
30%

Case Study Exercises

5-66. Refer to Example5-13. Create a single spreadsheet
that calculates PW, FW, AW, IRR, and ERR for the
proposed investment. Assume that e = MARR = 20%
per year. Does your recommendation change if the
MARR decreases to 18%? Increases to 22%? (5.6, 5.7)

5-67. A certain medical device will result in an
estimated $15,000 reduction in hospital labor expenses
during its first year of operation. Labor expenses (and
thus savings) are projected to increase at a rate of 7% per
year after the first year. Additional operating expenses
for the device (maintenance, electric power, etc.) are
$3,500 annually, and they increase by $250 per year
thereafter (i.e., $3,750 in year two and so on). It is
anticipated that the device will last for 10 years and
will have no market value at that time. If the MARR
is 10% per year, how much can the hospital afford to
pay for this device? Use an Excel spreadsheet in your
solution. (5.3)

5-68. Refer to Problem 5-61. Develop a spreadsheet
to investigate the sensitivity of annual profit (loss)
to changes in the occupancy rate and the annual
rental fee. (5.5)

5-69. Suppose that the industrial engineers are able to
increase the average utilization rate of the CVD tool
from 80% to 90%. What is the projected impact of this
10% increase on the PW of the project? (5.9)

5-70. Suppose that the mechanical engineer in the
plant has retrofitted the CVD tool so that it now
produces 15 wafers per hour. What is the new breakeven
point? (5.9)

FE Practice Problems

5-71. Suppose that the average utilization of the
CVD tool increased to 90%; however, the operating
hours of the fabrication plant were decreased from
168 hours to 150 hours. What are the corres-
ponding impacts on the PW and breakeven point,
respectively? (5.9)

5-72. Doris Wade purchased a condominium for
$50,000 in 1987. Her down payment was $20,000. She
financed the remaining amount as a $30,000, 30-year
mortgage at 7%, compounded monthly. Her monthly
payments are $200. It is now 2007 (20 years later)
and Doris has sold the condominium for $100,000,
immediately after making her 240th payment on the

unit. Her effective annual internal rate of return on this
investment is closest to which answer below? (5.6)

(a) 3.6% (b) 8.5% (c) 5.3% (d) 1.5%
5-73. Elin purchased a used car for $10,000. She wrote

a check for $2,000 as a down payment for the car and
financed the $8,000 balance. The annual percentage rate



(APR) is 9% compounded monthly, and the loan is to
be repaid in equal monthly installments over the next
four years. Which of the following is most near to Elin’s
monthly car payment? (5.5)

(a) $167 (b) $172
(d) $200 (e) $218

(c) $188

5-74. A specialized automatic machine costs $300,000
and is expected to save $111,837.50 per year while
in operation. Using a 12% interest rate, what is the
discounted payback period? (5.8)

(a) 4 b)5 (c) 6
@7 ()8

M- | 5-75. Street lighting fixtures and their sodium
17| vapor bulbs for a two-block area of a large city
need to be installed at a first cost (investment cost) of
$120,000. Annual maintenance expenses are expected to
be $6,500 for the first 20 years and $8,500 for each year
thereafter. Thelighting will be needed for an indefinitely
long period of time. With an interest rate of 10% per
year, what is the capitalized cost of this project (choose
the closest answer below)? (5.3)

(a) $178,313 (b) $188,000
(d) $268,000

(c) $202,045

5-76. What is the IRR in the following cash flow? (5.6)

Year End 0 1 2 3 4
Cash Flow ($) -3,345 1,100 1,100 1,100 1,100
(a) 12.95% (b) 11.95% () 9.05%

(d) 10.05% (e) 11.05%

5-77. A bond has a face value of $1,000, is redeemable
in eight years, and pays interest of $100 at the end of
each of the eight years. If the bond can be purchased for
$981, what is the rate of return if the bond is held until
maturity? (5.3)

(a) 10.65%
(d) 11.65%

(b) 12.65% (c) 10.35%

5-78. If you invest $5,123 in a long-term venture, you
will receive $1,110 per year forever. Assuming your
interest rate is 10% per year, what is the capitalized
worth of your investment? Choose the most closest
answer below. (5.3)

(a) $4,327 (b) $5,977
(d) $6,103

(c) $5,819
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5-79. What is the equivalent AW of a two-year contract
that pays $5,000 at the beginning of the first month and
increases by $500 for each month thereafter? MARR =
12% compounded monthly. (5.5)

(a) $10,616 (b) $131,982
(d) $5,235 (e) $134,649

(c) $5,511

5-80. A new machine was bought for $9,000 with a life
of six years and no salvage value. Its annual operating
costs were as follows:

$7,000, $7,350, $7,717.50, .. .,$8,933.97.

If the MARR = 12%, what was the annual equivalent
cost of the machine? (5.5)

(a) $7,809 (b) $41,106
(d) $2,190 (e) $9,895

(c) $9,998

| 2a-| 5-81. A town in Wyoming wants to drill a geo-

Y

" \""| thermal well to provide district heating steam

and hot water for its businesses and residences. After
government subsidies, the capital investment for the
well is $500,000, and the geothermal well will reduce
natural gas consumption for steam and hot water
production by $50,000 per year. The salvage value of
the well is negligible. The simple payback period for
this well is 10 years. If the MARR of the town is 8% per
year and the life of the geothermal well is 25 years, what
is the IRR for this project? Choose the closest answer
below. (5.6)

(@) 6.2%
(d) 10.3%

(b) 9.1% (c) 8.8%

5-82. An automobile dealership offers a car with $0
down payment, $0 first month’s payment, and $0 due
at signing. The monthly payment, starting at the end of
month two, is $386 and there are a total of 38 payments.
If the APR is 12% compounded monthly, the negotiated
sales price is closest to which answer below? (5.3)

(a) $14,668 (b) $12,035 (c) $12,415
(d) $13,175

[ 2| 5-83. A 2,000 square foot house in New Jersey

17| costs $1,725 each winter to heat with its existing

oil-burning furnace. For an investment of $5,000, a
natural gas furnace can be installed, and the winter
heating bill is estimated to be $1,000. If the homeowner’s
MARR is 6% per year, what is the discounted payback
period of this proposed investment? (5.8)

(a) 7 years (b) 8 years (c) 9 years

(d) 10 years
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5-84. Refer to Problem 5-2. Assuming the residual (@) 0% (b) 4% (c) 10%
value of the building alone (no land) is negligible, the (d) 20%
internal rate of return for this situation is closest to:

Appendix 5-A The Multiple Rate of Return Problem
with the IRR Method

Whenever the IRR method is used and the cash flows reverse sign (from net cash outflow
to net cash inflow or the opposite) more than once over the study period, we should be
aware of the rather remote possibility that either no interest rate or multiple interest rates
may exist. According to Descartes’ rule of signs, the maximum number of possible IRRs in
the (—1, oo) interval for any given project is equal to the number of cash flow sign reversals
during the study period. Nordstrom’s criterion says if there is only one sign change in the
cumulative cash flows over time, a unique interest rate exists. Two or more sign changes
in the cumulative cash flow indicates the possibility of multiple interest rates. Descartes’
rule of signs and Nordstrom’s criterion guarantee a unique internal rate of return if there
is only one sign change in the cash-flow sequence and in the cumulative cash flows over
time, respectively. The simplest way to check for multiple IRRs is to plot equivalent worth (e.g.,
PW) against the interest rate. If the resulting plot crosses the interest rate axis more than once,
multiple IRRs are present and another equivalence method is recommended for determining
project acceptability.
As an example, consider the following project for which the IRR is desired.

Plot the PW versus interest rate for the following cash flows. Are there multiple IRRs?
If so, what do they mean? Notice there are two sign changes in net cash flows (positive,
negative, positive), so at most two IRRs exist for this situation. Nordstrom’s criterion
also suggests a maximum of two interest rates because there are two sign changes in
cumulative cash flow.

Year, k Net Cash Flow | i% PW(i%) | Year, k Cumulative Cash Flow
0 $500 0 $250 0 $500
1 —1,000 10 105 1 —500
2 0 20 32 2 —-500
3 250 30 ~0 3 —250
4 250 40 —11 4 0
5 250 62 ~0 5 250
80 24

Thus, the PW of the net cash flows equals zero at interest rates of about 30% and 62%, so
multiple IRRs do exist. Whenever there are multiple IRRs, which is seldom, it is likely
that none are correct.
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In this situation, the ERR method (see Section 5.7) could be used to decide whether
the project is worthwhile. Or, we usually have the option of using an equivalent worth
method. In Example 5-A-1, if the external reinvestment rate (€) is 10% per year, we see
that the ERR is 12.4%.

$1,000(P/F, 10%, 1)(F/P, "%, 5) = $500(F/P, 10%, 5) + $250(F /A, 10%, 3)
(P/F, 10%, 1)(F/P, i, 5) = 1.632
i =0.124 (12.4%).

In addition, PW(10%) = $105, so both the ERR and PW methods indicate that this project
is acceptable when the MARR is 10% per year.

2504
@
g
=
[a W}
5 PW=0 PW =0
24
| | 0% 0% |../r-"’|//|"
0 10% 20% 30% ——e———— 62% 80% i%
11 -10

Interest Rate

Plot for Example 5-A-1

Use the ERR method to analyze the cash-flow pattern shown in the accompanying table.
The IRR is indeterminant (none exists), so the IRR is not a workable procedure. The
external reinvestment rate (€) is 12% per year, and the MARR equals 15%.

Year Cash Flows

0 $5,000
1 —7,000
2 2,000
3 2,000
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Solution

The ERR method provides this result:

$7,000(P/F, 12%, 1)(F/P, i'%, 3) = $5,000(F/P, 12%, 3)

+$2,000(F/P, 12%, 1) + $2,000

(F/P, i, 3) = 1.802

i =21.7%.

Thus, the ERR is greater than the MARR. Hence, the project having this cash-flow pattern
would be acceptable. The PW at 15% is equal to $1,740.36, which confirms the acceptability

of the project.
4,000 —

3,000 —

2,000

PW(i)in $

1,000 [—

0 50%

| |
100% v 1,000%

Appendix 5-A Problems

5-A-1. Use the ERR method with € =8% per year to
solve for a unique rate of return for the following cash-
flow diagram. How many IRRs (the maximum) are
suggested by Descartes’ rule of signs?

$235

$180
0 |
| | | | MARR = 8%/yr
o ;
$50
$360
End of Year

5-A-2. Apply the ERR method with € =12% per year
to the following series of cash flows. Is there a single,
unique IRR for these cash flows? What is the maximum
number of IRRs suggested by Nordstrom'’s criterion?

$6,000
$4,000

MARR = 12%/yr

1 l 3
$1,000

$5,000
End of Year
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5-A-3. Are there multiple IRRs for the following cash-flow sequence? How many are possible according to
Descartes’ rule of signs? If € =10% per year, what is the ERR for the cash flows of this project? Let MARR =
10% per year.

EOY o 1 2 3 4 5 6 7 8 9 10
CashFlow ($) 120 90 60 30 -—1,810 600 500 400 300 200 100

5-A-4. Are there multiple IRRs for the following cash flows? If so, how many are there? If not, what is the unique
IRR? (Appendix 5-A)

EOY 0 1 2 3
Cash flow —$1,000 $1,500 —$600 $500




CHAPTER 6

Comparison and Selection
among Alternatives

Our aim in Chapter 6 is to compare capital investment alternatives when the
time value of money is a key influence.

| Alternatives for Waste Storage

Q large electric utility company is considering two methods
for containing and storing its coal combustion by-products

_ (fly ash). One method is wet slurry storage, and the second
method is dry storage of the fly ash. The company will adopt one of these methods
for all 28 fly ash impoundments at its seven coal-fired power plants. Wet storage
has an initial capital investment of $2 billion, followed by annual maintenance
expenses of $300 million over the 10-year life of the method. Dry storage has a $2.5
billion capital investment and $150 million per year annual upkeep expenditures
over its 7-year life. If the utility’s MARR is 10% per year, which method of fly
ash storage should be selected assuming an indefinitely long study period? In
Chapter 6, investment problems of this type will be considered. We will return to

' this problem in Example 6-9.

240



A penny saved is a penny earned.

—ABenjamin Franklin (1789)

6.1 Introduction

Most engineering projects can be accomplished by more than one feasible design
alternative. When the selection of one of these alternatives excludes the choice
of any of the others, the alternatives are called mutually exclusive. Typically, the
alternatives being considered require the investment of different amounts of capital,
and their annual revenues and costs may vary. Sometimes the alternatives may have
different useful lives. The fundamental question is “do the added benefits from a
more-expensive alternative bring a positive return relative to the added costs?”

A seven-step procedure for accomplishing engineering economy studies was
discussed in Chapter 1. In this chapter, we address Step 5 (analysis and comparison
of the feasible alternatives) and Step 6 (selection of the preferred alternative) of
this procedure, and we compare mutually exclusive alternatives on the basis of
economic considerations alone.

Five of the basic methods discussed in Chapter 5 for analyzing cash flows are
used in the analyses in this chapter [present worth (PW), annual worth (AW), future
worth (FW), internal rate of return (IRR), and external rate of return (ERR)]. These
methods provide a basis for economic comparison of alternatives for an engineering
project. When correctly applied, these methods result in the correct selection of a
preferred alternative from a set of mutually exclusive alternatives. The comparison
of mutually exclusive alternatives by means of the benefit—cost ratio method is
discussed in Chapter 10.

6.2 Basic Concepts for Comparing Alternatives

Principle 1 (Chapter 1) emphasized that a choice (decision) is among alternatives.
Such choices must incorporate the fundamental purpose of capital investment;
namely, to obtain at least the minimum attractive rate of return (MARR) for
each dollar invested. In practice, there are usually a limited number of feasible
alternatives to consider for an engineering project. The problem of deciding which
mutually exclusive alternative should be selected is made easier if we adopt this
rule based on Principle 2 (focus on the differences) in Chapter 1: The alternative that
requires the minimum investment of capital and produces satisfactory functional results
will be chosen unless the incremental capital associated with an alternative having a larger
investment can be justified with respect to its incremental benefits.

Under this rule, we consider the acceptable alternative that requires the least
investment of capital to be the base alternative. The investment of additional capital
over that required by the base alternative usually results in increased capacity,
increased quality, increased revenues, decreased operating expenses, or increased
life. Therefore, before additional money is invested, it must be shown that each

241
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avoidable increment of capital can pay its own way relative to other available
investment opportunities.

In summary, if the extra benefits obtained by investing additional capital are
better than those that could be obtained from investment of the same capital
elsewhere in the company at the MARR, the investment should be made.

If this is not the case, we obviously would not invest more than the minimum
amount of capital required, and we may even do nothing at all. Stated simply, our
rule will keep as much capital as possible invested at a rate of return equal to or
greater than the MARR.

6.2.1 Investment and Cost Alternatives

This basic policy for the comparison of mutually exclusive alternatives can be
demonstrated with two examples. The first example involves an investment project
situation. Alternatives A and B are two mutually exclusive investment alternatives
with estimated net cash flows,* as shown. Investment alternatives are those with
initial (or front-end) capital investment(s) that produce positive cash flows from increased
revenue, savings through reduced costs, or both. The useful life of each alternative in
this example is four years.

Alternative
A B A(B — A)
Capital investment —$60,000 —%$73,000 —%13,000
Annual revenues less expenses 22,000 26,225 4,225

The cash-flow diagrams for Alternatives A and B, and for the year-by-year
differences between them (i.e., Bminus A), are shown in Figure 6-1. These diagrams
typify those for investment project alternatives. In this first example, at MARR =
10% per year, the PW values are

PW(10%)a = —$60,000 + $22,000(P/A, 10%,4) = $9,738,
PW(10%)p = —$73,000 + $26,225(P/A,10%,4) = $10,131.

Since the PW4 is greater than zero at i = MARR, Alternative A is the base
alternative and would be selected unless the additional (incremental) capital
associated with Alternative B ($13,000) is justified. In this case, Alternative B is
preferred to A because it has a greater PW value. Hence, the extra benefits obtained

* In this book, the terms net cash flow and cash flow will be used interchangeably when referring to periodic cash inflows
and cash outflows for an alternative.
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Figure 6-1 Cash-Flow 1. Alternative A 2. Alternative B
Diagrams for

Alternatives A A = §22,000 A = $26225
and B and Their I l T ] l T l l
Difference 0 0
1 2 3 4=N l 1 2 3 4=N
$60,000 $73,000
End of Year End of Year
Difference

3. Alternative B minus Alternative A (year-by-year)

A = $4,225

o 111
|

1 2 3 4=N

$13,000
End of Year

by investing the additional $13,000 of capital in B (diagram 3, Figure 6-1) have a PW
of $10,131 — $9,738 = $393. That is,

PW(10%)pig = —$13,000 + $4,225(P/A,10%,4) = $393,

and the additional capital invested in B is justified.

The second example involves a cost project situation. Alternatives C and D are
two mutually exclusive cost alternatives with estimated net cash flows, as shown,
over a three-year life. Cost alternatives are those with all negative cash flows, except
for a possible positive cash-flow element from disposal of assets at the end of the project’s
useful life. This situation occurs when the organization must take some action, and
the decision involves the most economical way of doing it (e.g., the addition of
environmental control capability to meet new regulatory requirements). It also
occurs when the expected revenues are the same for each alternative.

Alternative
End of Year C D A(D - C)
0 —$380,000 —$415,000 —$35,000
1 —38,100 —27,400 10,700
2 —39,100 —27,400 11,700
3 —40,100 —27,400 12,700
34 0 26,000 26,000

2 Market value.

The cash-flow diagrams for Alternatives C and D, and for the year-by-year
differences between them (i.e., D minus C), are shown in Figure 6-2. These
diagrams typify those for cost project alternatives. In this “must take action”
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Figure 6-2 Cash-Flow 1. Alternative C 2. Alternative D
Diagrams for
Alternatives C $26,000
and D and Their
Difference 0 3= 1 2
3=N
$38 100 l l \
$39 100 A = $27,400
$40,100
$380,000 $415,000
End of Year End of Year
Difference

3. Alternative D minus Alternative C (year-by-year)
$38,700

$11,700
$10,700 l
2

[

$35,000
End of Year

situation, Alternative C, which has the lesser capital investment, is automatically
the base alternative and would be selected unless the additional (incremental)
capital associated with Alternative D ($35,000) is justified. With the greater capital
investment, Alternative D in this illustration has smaller annual expenses.
Otherwise, it would not be a feasible alternative. (It would not be logical to invest
more capital in an alternative without obtaining additional revenues or savings.)
Note, in diagram 3, Figure 6-2, that the difference between two feasible cost
alternatives is an investment alternative.

In this second example, at MARR = 10% per year, the PW(10%)c = —$477,077
and the PW(10%)p = —%$463,607. Alternative D is preferred to C because it has
the less negative PW (minimizes costs). Hence, the lower annual expenses obtained by
investing the additional $35,000 of capital in Alternative D have a PW of —$463,607 —
(—$477,077) = $13,470. That is, the PW(10%)pisr = $13,470, and the additional
capital invested in Alternative D is justified.

6.2.2 Ensuring a Comparable Basis

Each feasible, mutually exclusive alternative selected for detailed analysis meets
the functional requirements established for the engineering project (Section 1.3.2).
Differences among the alternatives, however, may occur in many forms. Ensuring
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a comparable basis for their analysis requires that any economic impacts of these
differences be included in the estimated cash flows for the alternatives (as well
as comparing them over the same analysis period—see Section 6.3). Otherwise,
the wrong design alternative may be selected for implementing the project. The
following are examples of the types of differences that may occur:

1. Operational performance factors such as output capacity, speed, thrust, heat
dissipation rate, reliability, fuel efficiency, setup time, and so on

2. Quality factors such as the number of defect-free (nondefective) units produced
per period or the percentage of defective units (reject rate)

3. Useful life, capital investment required, revenue changes, various annual
expenses or cost savings, and so on

This list of examples could be expanded. The specific differences, however, for
each engineering project and its design alternatives must be identified. Then, the
cash-flow estimates for the alternatives must include the economic impact of these
differences. This is a fundamental premise for comparing alternatives in Chapter 6 and in
the chapters that follow.

Two rules were given in Section 2.4 for facilitating the correct analysis and
comparison of mutually exclusive alternatives when the time value of money is
not a factor (present economy studies). For convenience, these rules are repeated
here and extended to account for the time value of money:

Rule 1: When revenues and other economic benefits are present and vary among
the alternatives, choose the alternative that maximizes overall profitability.
Thatis, select the alternative that has the greatest positive equivalent worth
at i = MARR and satisfies all project requirements.

Rule 2: When revenues and other economic benefits are not present or are constant
among the alternatives, consider only the costs and select the alternative
that minimizes total cost. That is, select the alternative that has the
least negative equivalent worth at i = MARR and satisfies all project
requirements.

6.3 The Study (Analysis) Period

The study (analysis) period, sometimes called the planning horizon, is the selected
time period over which mutually exclusive alternatives are compared. The
determination of the study period for a decision situation may be influenced
by several factors—for example, the service period required, the useful life* of
the shorter-lived alternative, the useful life of the longer-lived alternative, and
company policy. The key point is that the selected study period must be appropriate for
the decision situation under investigation.

* The useful life of an asset is the period during which it is kept in productive use in a trade or business.
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The useful lives of alternatives being compared, relative to the selected study
period, can involve two situations:

1. Useful lives are the same for all alternatives and equal to the study period.

2. Useful lives are unequal among the alternatives, and at least one does not match
the study period.

Unequal lives among alternatives somewhat complicate their analysis and
comparison. To conduct engineering economy analyses in such cases, we adopt
the rule of comparing mutually exclusive alternatives over the same period of
time.

The repeatability assumption and the coterminated assumption are the two types
of assumptions used for these comparisons.
The repeatability assumption involves two main conditions:

1. The study period over which the alternatives are being compared is either
indefinitely long or equal to a common multiple of the lives of the alternatives.

2. The economic consequences that are estimated to happen in an alternative’s
initial useful life span will also happen in all succeeding life spans
(replacements).

Actual situations in engineering practice seldom meet both conditions. This has
tended to limit the use of the repeatability assumption, except in those situations
where the difference between the AW of the first life cycle and the AW over more
than one life cycle of the assets involved is quite small.*

The coterminated assumption uses a finite and identical study period for all alter-
natives. This planning horizon, combined with appropriate adjustments to the
estimated cash flows, puts the alternatives on a common and comparable basis.
For example, if the situation involves providing a service, the same time period
requirement applies to each alternative in the comparison. To force a match of
cash-flow durations to the cotermination time, adjustments (based on additional
assumptions) are made to cash-flow estimates of project alternatives having useful
lives different from the study period. For example, if an alternative has a useful
life shorter than the study period, the estimated annual cost of contracting for
the activities involved might be assumed and used during the remaining years.
Similarly, if the useful life of an alternative is longer than the study period, a
reestimated market value is normally used as a terminal cash flow at the end of a
project’s coterminated life.

* T. G. Eschenbach and A. E. Smith, “Violating the Identical Repetition Assumption of EAC,” Proceedings, International
Industrial Engineering Conference (May 1990), The Institute of Industrial Engineers, Norcross, GA, pp. 99-104.
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6.4 Useful Lives Are Equal to the Study Period

When the useful life of an alternative is equal to the selected study period,
adjustments to the cash flows are not required. In this section, we discuss the
comparison of mutually exclusive alternatives, using equivalent-worth methods
and rate-of-return methods when the useful lives of all alternatives are equal to the
study period.

6.4.1 Equivalent-Worth Methods

In Chapter 5, we learned that the equivalent-worth methods convert all relevant
cash flows into equivalent present, annual, or future amounts. When these
methods are used, consistency of alternative selection results from this equivalency
relationship. Also, the economic ranking of mutually exclusive alternatives will
be the same when using the three methods. Consider the general case of two
alternatives A and B. If PW(i%)a < PW(i%)g, then the FW and AW analyses will
result in the same preference for Alternative B.

The most straightforward technique for comparing mutually exclusive
alternatives when all useful lives are equal to the study period is to determine
the equivalent worth of each alternative based on total investment ati = MARR.
Then, for investment alternatives, the one with the greatest positive equivalent
worth is selected. And, in the case of cost alternatives, the one with the least
negative equivalent worth is selected.

m Analyzing Investment Alternatives by Using Equivalent Worth

Best Flight, Inc., is considering three mutually exclusive alternatives for imple-
menting an automated passenger check-in counter at its hub airport. Each
alternative meets the same service requirements, but differences in capital
investment amounts and benefits (cost savings) exist among them. The study
period is 10 years, and the useful lives of all three alternatives are also 10 years.
Market values of all alternatives are assumed to be zero at the end of their useful
lives. If the airline’s MARR is 10% per year, which alternative should be selected
in view of the cash-flow diagrams shown on page 248?

Solution by the PW Method
PW(10%)4 = —$390,000 + $69,000(P/A,10%,10) = $33,977,
PW(10%)p = —$920,000 + $167,000(P/A, 10%,10) = $106,148,
PW(10%)c = —%$660,000 4+ $133,500(P/A, 10%, 10) = $160,304.

Based on the PW method, Alternative C would be selected because it has the
largest PW value ($160,304). The order of preference is C > B > A, where C > B
means C is preferred to B.
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Alternative A:
$69,000
I i T I i 1
0 1 2 3 \/\ 9 10
End of Year
$390,000
Alternative B:
$167,000
I 1 I I 1 1
0 1 2 3 /\/\ 9 10
End of Year
$920,000
Alternative C:
$133,500
I 1 I I 1 1
0 1 2 3 /\/ 9 10
End of Year
$660,000

Solution by the AW Method
AW(10%)4 = —$390,000(A/P,10%, 10) + $69,000 = $5,547,

AW (10%)p = —$920,000(A/P,10%, 10) + $167,000 = $17,316,

AW(10%)c = —$660,000(A/P,10%, 10) + $133,500 = $26,118.
Alternative C is again chosen because it has the largest AW value ($26,118).
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Solution by the FW Method
FW(10%)4 = —$390,000(F /P, 10%, 10) + $69,000(F /A, 10%, 10) = $88,138,
FW(10%)p = —$920,000(F /P,10%, 10) + $167,000(F /A, 10%,10) = $275,342,
FW(10%)c = —$660,000(F/P,10%,10) + $133,500(F /A, 10%, 10) = $415,801.
Based on the FW method, the choice is again Alternative C because it has the
largest FW value ($415,801). For all three methods (PW, AW, and FW) in this
example, notice that C > B > A because of the equivalency relationship among

the methods. Also, notice that Rule 1 (Section 6.2.2) applies in this example, since
the economic benefits (cost savings) vary among the alternatives.

Example 6-2 and Example 6-3 illustrate the impact that estimated differences in
the capability of alternatives to produce defect-free products have on the economic
analysis. In Example 6-2, each of the plastic-molding presses produces the same
total amount of output units, all of which are defect free. Then, in Example 6-3,
each press still produces the same total amount of output units, but the percentage
of defective units (reject rate) varies among the presses.

m Analyzing Cost-Only Alternatives, Using Equivalent Worth

A company is planning to install a new automated plastic-molding press.
Four different presses are available. The initial capital investments and annual
viDEo expenses for these four mutually exclusive alternatives are as follows:
SOLUTIONS
Press
P1 P2 P3 P4
Capital investment $24,000 $30,400 $49,600 $52,000
Useful life (years) 5 5 5 5
Annual expenses
Power 2,720 2,720 4,800 5,040
Labor 26,400 24,000 16,800 14,800
Maintenance 1,600 1,800 2,600 2,000
Property taxes and insurance 480 608 992 1,040
Total annual expenses $31,200 $29,128 $25,192 $22,880

Assume that each press has the same output capacity (120,000 units per year)
and has no market value at the end of its useful life; the selected analysis period
is five years; and any additional capital invested is expected to earn at least 10%
per year. Which press should be chosen if 120,000 nondefective units per year
are produced by each press and all units can be sold? The selling price is $0.375
per unit. Solve by hand and by spreadsheet.
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1}

Solution by Hand

Since the same number of nondefective units per year will be produced and
sold using each press, revenue can be disregarded (Principle 2, Chapter 1). The
end-of-year cash-flow diagrams of the four presses are:

Press P1 Press P2
1 2 3 4 5 0 1 2 3

Aok 1L

$31,200

———]
— ]
g————
f——

$29,128

$30,400
Press P4
0 1 2 3

b

$22,880

Press P3

BEER

$25,192

e — (|
—

$49,600 $52,000

The preferred alternative will minimize the equivalent worth of total costs over
the five-year analysis period (Rule 2, page 245). That is, the four alternatives
can be compared as cost alternatives. The PW, AW, and FW calculations for
Alternative PI are

PW(10%)p1 = —$24,000 — $31,200(P/A,10%,5) = —$142,273,

AW (10%)p; = —%$24,000(A/P,10%,5) — $31,200 = —$37,531,

FW(10%)p1 = —$24,000(F/P,10%,5) — $31,200(F /A, 10%, 5)
= —$229,131.

The PW, AW, and FW values for Alternatives P2, P3, and P4 are determined with
similar calculations and shown for all four presses in Table 6-1. Alternative P4
minimizes all three equivalent-worth values of total costs and is the preferred
alternative. The preference ranking (P4 > P2 > P1 > P3) resulting from the
analysis is the same for all three methods.

Comparison of Four Molding Presses, Using the PW,
AW, and FW Methods to Minimize Total Costs

Press (Equivalent-Worth Values)

Method P1 P2 P3 P4

Present worth —$142,273 —$140,818 —$145,098 —$138,734
Annual worth —37,531 —37,148 —38,276 —36,598
Future worth —229,131 —226,788 —233,689 —223,431
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Spreadsheet Solution

Figure 6-3 presents a spreadsheet solution for identifying the press that
minimizes total equivalent costs. The top section of the spreadsheet displays
the problem data. These data are then tabulated as total end-of-year (EQY)
cash flows in the middle section of the spreadsheet. Finally, the PW, AW, and
FW amounts are computed and the results displayed at the bottom of the
spreadsheet. Note that the AW and FW cell formulas make use of the PW result
in row 22. The results are the same (except for rounding) as those computed by
hand and displayed in Table 6-1.

NOTE: This spreadsheet model allows us to easily do what the solution by
hand does not—evaluate how our recommendation will change if data values
change. For example, if MARR changes from 10% to 15%, then Press 2 becomes
the lowest cost alternative.

A | B | € | D | E
: Annual Qutput
1 |MARR = _ 10% ; |Caparity _ 120,000
2 |Ugeful Life= | 5 ! |Selling price= | % 0.375
=
4 | FExpenses | P1 _ P2 | P3 j P4
Capital
8 |lhwestrment= | § 24000 | % 30,400 | § 49600 | % 52,000
B Power= 5 2720 | % 2720 | § 4800 % 5,040
7 |Labor= |$ 25400 % 24,000 % 16800 % 14,800
B |Maintenance = | § 1ER00 | % 1,800 | % 2R00 % 2000
Mt J | Ul | % : | .
2 |Insurance = 5 430 | % BOD | % 902 % 1.040
10
11
=
=-B5 =
14 FOY | P1 . P2 _ P3 . P4
15 0 § & (240000 § (304000 § (496000 % (52,000)
=-SUM(B6B9) T 56 (312000 § (29,265 (519218  (2.880)
17 7 (59 (31200 F (29128)|F (25197 % (22 660)
_B$16 18 3 g T (312000 §  (29,128) § (25192 % (22 580)
- 15 4 |5 (H20m %  (2928)§F (25192 % (22 580)
20 f $ (@200 F  (29928) 5 (251921 5 (22 5A0)
21
2 PW= |§ 8(142273)/ § (140518) § (145098) $  (138.733)
23 AWN=  |§re (7535  (F047) 3 (IB27E) 5 (36.537)
24 FW = 5|e(@229131) § (2296789) §  [(233BGE1) 5 (223,431
= NPV($B$1, B16:B20) + B15 = B22*(1 + $B$1)"$B$2

= PMT($B$1, $B$2, -B22)

Figure 6-3 Spreadsheet Solution, Example 6-2
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m Analyzing Alternatives with Different Reject Rates

Consider the four plastic molding presses of Example 6-2. Suppose that each
press is still capable of producing 120,000 total units per year, but the estimated
reject rate is different for each alternative. This means that the expected revenue
will differ among the alternatives since only nondefective units can be sold. The
data for the four presses are summarized below. The life of each press (and the
study period) is five years.

Press

P1 P2 P3 P4

Capital investment $24,000 $30,400 $49,600 $52,000
Total annual expenses  $31,200 $29,128 $25,192 $22,880
Reject rate 8.4% 0.3% 2.6% 5.6%

If all nondefective units can be sold for $0.375 per unit, which press should be
chosen? Solve by hand and by spreadsheet.

X  Solution by Hand

In this example, each of the four alternative presses produces 120,000 units per
year, but they have different estimated reject rates. Therefore, the number of
nondefective output units produced and sold per year, as well as the annual
revenues received by the company, varies among the alternatives. But the annual
expenses are assumed to be unaffected by the reject rates. In this situation, the
preferred alternative will maximize overall profitability (Rule 1, Section 6.2.2).
That is, the four presses need to be compared as investment alternatives. The
PW, AW, and FW calculations for Alternative P4 are given below:

PW(10%)ps = —$52,000 + [(1—0.056)(120,000)($0.375)—$22,8801(P/A, 10%, 5)
— $22,300,
AW (10%)ps = —$52,000(A/P,10%,5) + [(1 — 0.056)(120,000)($0.375) — $22,880]
— $5,882,
FW(10%)ps = —$52,000(F/P, 10%, 5)
+ [(1 — 0.056)(120,000)($0.375) — $22,800](F/A, 10%, 5)
— $35,914.

The PW, AW, and FW values for Alternatives P1, P2, and P3 are determined
with similar calculations and shown for all four alternatives in Table 6-2.
Alternative P2 maximizes all three equivalent-worth measures of overall
profitability and is preferred [versus P4 in Example 6-2]. The preference ranking
(P2 > P4 > P3 > P1) is the same for the three methods but is different from
the ranking in Example 6-2. The different preferred alternative and preference
ranking are the result of the varying capability among the presses to produce
nondefective output units.
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Comparison of Four Molding Presses, Using the PW, AW,
and FW Methods to Maximize Overall Profitability

Press (Equivalent-Worth Values)

Method P1 P2 P3 P4

Present worth $13,984 $29,256 $21,053 $22,300
Annual worth 3,689 7,718 5,554 5,882
Future worth 22,521 47,117 33,906 35,914

Spreadsheet Solution

Figure 6-4 displays the spreadsheet solution for identifying the preferred press
when the impact of different annual revenues among the alternatives is included.
The data section of the spreadsheet includes the reject rate for each press, which
is used to compute expected annual revenues in row 12. The revenue values
are then combined with annual expenses to arrive at the EOY net cash flows for
each alternative. The resulting equivalent-worth amounts are the same (except
for rounding) as those computed by hand and shown in Table 6-2.

B | B | C | D | E
| Annual Output
1 MARR= 10% i (Caparity | 120000
| 2 |Uszeful Life = | 5 } |Selling price = | § 0.375
3
| 4 | EXpenses | M P2 | P3 P4
Capital
| 5 Irvestment | § 24000 5 30400 | §  49B00 § 52000
| B |Power | % 2720 § 2720 | % 4800 | § 5,040
| 7 |Labor '§ 264005 24000 % 16800 § 14800
LB Maintenance § 1500 § 1800 § 2600 § 2000
Tax &
| 8 |Insurance % 460 | § GOS | § 952 | § 1,040
10
= (17 BI1) *$ES1 "SES2 [ Fimeject Rate B4%  03%  26%  56%
12" Revenue il 41220 | & 44865 | § 43830 § 42 480
13
=-SUM(B6:B9) + B$12 i Fov P | o | P3 | o
15 a 5 | @4000) 5 (304000 §  49B00) § (52,000
|16 1 '$ & 100208 15737 | % 163§ 19500
B 2 '§ 10020 & 1579 % 18638 | § 19500
118 3 § 10020 % 1573 §  18E3R § 19500
119 4 5§ 100205 1573 5 1863 |§ 19500
0 5 3 10020 | § 15757 | § 165638 5 19500
21
22| PwW= 5§ 13984 § 29256 [§ 21053 |§ 22799
23 AW-  §  3BB9 § 7710 % GESA § 5P
24 VY = ¥ 22521 | % 47116 | % J380E % 35513

Figure 6-4 Spreadsheet Solution, Example 6-3
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6.4.2 Rate-of-Return Methods

Annual return on investment is a popular metric of profitability in the United States.
When using rate-of-return methods to evaluate mutually exclusive alternatives, the
best alternative produces satisfactory functional results and requires the minimum
investment of capital. This is true unless a larger investment can be justified in
terms of its incremental benefits and costs. Accordingly, these three guidelines are
applicable to rate-of-return methods:

1. Each increment of capital must justify itself by producing a sufficient rate of
return (greater than or equal to MARR) on that increment.

2. Compare a higher investment alternative against alower investment alternative
only when the latter is acceptable. The difference between the two alternatives
is usually an investment alternative and permits the better one to be determined.

3. Select the alternative that requires the largest investment of capital, as long as
the incremental investment is justified by benefits that earn at least the MARR.
This maximizes equivalent worth on total investment at i = MARR.

Do not compare the IRRs of mutually exclusive alternatives (or IRRs of
the differences between mutually exclusive alternatives) against those of
other alternatives. Compare an IRR only against MARR (IRR > MARR) in
determining the acceptability of an alternative.

These guidelines can be implemented using the incremental investment analysis
techniqgue with rate-of-return methods.* First, however, we will discuss the
inconsistent ranking problem that can occur with incorrect use of rate-of-return
methods in the comparison of alternatives.

6.4.2.1 The Inconsistent Ranking Problem In Section 6.2, we discussed a
small investment project involving two alternatives, A and B. The cash flow for
each alternative is restated here, as well as the cash flow (incremental) difference.

Alternative Difference

A B A(B — A)
Capital investment $60,000 $73,000 $13,000
Annual revenues less expenses 22,000 26,225 4,225

The useful life of each alternative (and the study period) is four years. Also, assume
that MARR = 10% per year. First, check to see if the sum of positive cash flows

* The IRR method is the most celebrated time value-of-money-based profitability metric in the United States. The
incremental analysis technique must be learned so that the IRR method can be correctly applied in the comparison of
mutually exclusive alternatives.
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exceeds the sum of negative cash flows. This is the case here, so the IRR and
PW(10%) of each alternative are calculated and shown as follows:

Alternative IRR PW(10%)

A 17.3% $9,738
B 16.3 10,131

If, at this point, a choice were made based on maximizing the IRR of the total
cash flow, Alternative A would be selected. But, based on maximizing the PW
of the total investment at i = MARR, Alternative B is preferred. Obviously,
here we have an inconsistent ranking of the two mutually exclusive investment
alternatives.

Now that we know Alternative A is acceptable (IRR>MARR; PW at
MARR >0), we will analyze the incremental cash flow between the two
alternatives, which we shall refer to as A(B — A). The IRR of this increment, IRRx,
is 11.4%. This is greater than the MARR of 10%, and the incremental investment of
$13,000 is justified. This outcome is confirmed by the PW of the increment, PW
(10%), which is equal to $393. Thus, when the IRR of the incremental cash flow is
used, the rankings of A and B are consistent with that based on the PW on total
investment.

The fundamental role that the incremental net cash flow, A(B — A), plays in the
comparison of two alternatives (where B has the greater capital investment) is
based on the following relationship:

Cash flow of B = Cash flow of A + Cash flow of the difference.

Clearly, the cash flow of B is made up of two parts. The first part is equal to the
cash flow of Alternative A, and the second part is the incremental cash flow between
A and B, A(B — A). Obviously, if the equivalent worth of the difference is greater
than or equal to zero at i = MARR, then Alternative B is preferred. Otherwise,
given that Alternative A is justified (an acceptable base alternative), Alternative A is
preferred. It is always true that if PW, > 0, then IRRA > MARR.

Figure 6-5 illustrates how ranking errors can occur when a selection among
mutually exclusive alternatives is based wrongly on maximization of IRR on the
total cash flow. When MARR lies to the left of IRRA (11.4% in this case), an incorrect
choice will be made by selecting an alternative that maximizes IRR. This is because
the IRR method assumes reinvestment of cash flows at the calculated rate of return
(17.3% and 16.3%, respectively, for Alternatives A and B in this case), whereas the
PW method assumes reinvestment at MARR (10%).

Figure 6-5 shows our previous results with PWg > PW4 at MARR = 10%,
even though IRR4 > IRRp. Also, the figure shows how to avoid this ranking
inconsistency by examining the IRR of the increment, IRR, which correctly leads
to the selection of Alternative B, the same as with the PW method.
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Present Worth
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Figure 6-5 lllustration of the Ranking Error in Studies Using the IRR Method

6.4.2.2 The Incremental Investment Analysis Procedure

We recommend the incremental investment analysis procedure to avoid
incorrect ranking of mutually exclusive alternatives when using rate-of-return
methods. We will use this procedure in the remainder of the book.

The incremental analysis procedure for the comparison of mutually exclusive
alternatives is summarized in three basic steps (illustrated in Figure 6-6):

1. Arrange (rank-order) the feasible alternatives based on increasing capital
investment.*
2. Establish a base alternative.
(a) Cost alternatives—the first alternative (least capital investment) is the base.
(b) Investment alternatives—if the first alternative is acceptable (IRR > MARR;
PW, FW, or AW at MARR > 0), select it as the base. If the first alternative
is not acceptable, choose the next alternative in order of increasing

* This ranking rule assumes a logical set of mutually exclusive alternatives. That is to say, for investment or cost
alternatives, increased initial investment results in additional economic benefits, whether from added revenues,
reduced costs, or a combination of both. Also, this rule assumes that for any nonconventional investment cash flow,
the PW, AW, FW, or ERR analysis method would be used instead of IRR. Simply stated, a nonconventional investment
cash flow involves multiple sign changes or positive cash flow at time zero, or both. For a more detailed discussion
of ranking rules, see C. S. Park and G. P. Sharp-Bette, Advanced Engineering Economy (New York: John Wiley & Sons,
1990).



SECTION 6.4 / UseruL Lives ARe EQUAL To THE STuDY Periop 257

Arrange (rank-order) MEAs by
Increasing Capital Investment

!

Establish a Current Base (Alternative):
* Cost Alternatives—Select First
Alternative in Rank-Order (LCI)

= Investment Alternatives—Select MEA
with LCI that Is Acceptable:

o JRR =MARR, or

o PW, FW, or AW (at MARR) = 0

t

_| Select the |_
Next MEA

!

Develop Incremental (A) Cash Flow:
A(Cash Flow) = (Next MEA Cash Flow)
—(Current Base Cash Flow)

'

Is A (Cash Flow) Acceptable?
* IJRR = MARR, or
* PW FW, or AW (at MARR) = 0

NO ! YES

This MEA Is
the New
Current Base

Is This the
Last MEA?

Is This the
Last MEA?

YES YES
r
STOP. The Current STOP. This MEA Is the
Base Is the Preferred Preferred Alternative
Alternative

MEA: mutually exclusive alternative
LCT: least capital investment

Figure 6-6 Incremental Investment Analysis Procedure

capital investment and check the profitability criterion (PW, etc.) values.
Continue until an acceptable alternative is obtained. If none is obtained,
the do-nothing alternative is selected.

3. Use iteration to evaluate differences (incremental cash flows) between alter-
natives until all alternatives have been considered.

(a) If the incremental cash flow between the next (higher capital investment)
alternative and the current selected alternative is acceptable, choose the
next alternative as the current best alternative. Otherwise, retain the last
acceptable alternative as the current best.
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(b) Repeat and select as the preferred alternative the last one for which the

incremental cash flow was acceptable.

EXAMPLE 6-4 Incremental Analysis: Investment Alternatives

VIDEOQ
SOLUTIONS

Suppose that we are analyzing the following six mutually exclusive alternatives
for a small investment project, using the IRR method. The useful life of each
alternative is 10 years, and the MARR is 10% per year. Also, net annual revenues
less expenses vary among all alternatives, and Rule 1, Section 6.2.2, applies. If
the study period is 10 years, and the market (salvage) values are zero, which
alternative should be chosen? Notice that the alternatives have been rank-ordered
from low capital investment to high capital investment.

Alternative

A B C D E F

Capital investment $900 $1,500 $2,500 $4,000 $5,000 $7,000
Annual revenues less 150 276 400 925 1,125 1,425
expenses

Solution

For each of the feasible alternatives, the IRR on the total cash flow can be
computed by determining the interest rate at which the PW, FW, or AW equals
zero (use of AW is illustrated for Alternative A):*

0 = —$900(A/P, i, %,10) + $150; i'% =?

By trial and error, we determine that i;l% = 10.6%. In the same manner, the IRRs
of all the alternatives are computed and summarized:

A B C D E F

IRR on total cash flow 10.6% 13.0% 9.6% 19.1% 183% 15.6%

At this point, only Alternative C is unacceptable and can be eliminated from the
comparison because its IRR is less than MARR of 10% per year. Also, A is
the base alternative from which to begin the incremental investment analysis
procedure, because it is the mutually exclusive alternative with the lowest
capital investment whose IRR (10.6%) is equal to or greater than MARR (10%).

* The three steps of the incremental analysis procedure previously discussed (and illustrated in Figure 6-6) do
not require the calculation of the IRR value for each alternative. In this example, the IRR of each alternative is
used for illustrating common errors made with the IRR method.
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Comparison of Five Acceptable Investment Alternatives Using
the IRR Method (Example 6-4)

Increment Considered A AB—A) AD-B) A(E—-D) A(F—E)
A Capital investment $900 $600 $2,500 $1,000 $2,000
A Annual revenues less expenses  $150 $126 $649 $200 $300
IRRA 10.6% 16.4% 22.6% 15.1% 8.1%
Is increment justified? Yes Yes Yes Yes No

This pre-analysis of the feasibility of each alternative is not required by the
incremental analysis procedure. Itis useful, however, when analyzing a larger set
of mutually exclusive alternatives. You can immediately eliminate nonfeasible
(nonprofitable) alternatives, as well as easily identify the base alternative.

As discussed in Section 6.4.2.1, it is not necessarily correct to select the alter-
native that maximizes the IRR on total cash flow. That is to say, Alternative D may
not be the best choice, since maximization of IRR does not guarantee maximization
of equivalent worth on total investment at the MARR. Therefore, to make the correct
choice, we must examine each increment of capital investment to see if it will pay
its own way. Table 6-3 provides the analysis of the five remaining alternatives,
and the IRRs on incremental cash flows are again computed by setting
AW (i") = 0 for cash-flow differences between alternatives.

From Table 6-3, it is apparent that Alternative E will be chosen (not D)
because it requires the largest investment for which the last increment of capital
investment is justified. That is, we desire to invest additional increments of the
$7,000 presumably available for this project as long as each avoidable increment
of investment can earn 10% per year or better.

It was assumed in Example 6-4 (and in all other examples involving mutually
exclusive alternatives, unless noted to the contrary) that available capital for a
project not committed to one of the feasible alternatives is invested in some other
project where it will earn an annual return equal to the MARR. Therefore, in this
case, the $2,000 left over by selecting Alternative E instead of F is assumed to earn
10% per year elsewhere, which is more than we could obtain by investing it in F.

In sum, three errors commonly made in this type of analysis are to choose
the mutually exclusive alternative (1) with the highest overall IRR on total cash
flow, (2) with the highest IRR on an incremental capital investment, or (3) with
the largest capital investment that has an IRR greater than or equal to the MARR.
None of these criteria are generally correct. For instance, in Example 6-4, we might
erroneously choose Alternative D rather than E because the IRR for the increment
from B to D is 22.6% and that from D to E is only 15.1% (error 2). A more obvious
error, as previously discussed, is the temptation to maximize the IRR on total cash
flow and select Alternative D (error 1). The third error would be committed by
selecting Alternative F for the reason that it has the largest total investment with
an IRR greater than the MARR (15.6% > 10%).
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m Incremental Analysis: Cost-Only Alternatives

The estimated capital investment and the annual expenses (based on 1,500
hours of operation per year) for four alternative designs of a diesel-powered
air compressor are shown, as well as the estimated market value for each design
at the end of the common five-year useful life. The perspective (Principle 3,
Chapter 1) of these cost estimates is that of the typical user (construction
company, plant facilities department, government highway department, and
so on). The study period is five years, and the MARR is 20% per year. One of
the designs must be selected for the compressor, and each design provides the
same level of service. On the basis of this information,

(a) determine the preferred design alternative, using the IRR method

(b) show that the PW method (i = MARR), using the incremental analysis
procedure, results in the same decision.

Solve by hand and by spreadsheet.

Design Alternative

D1 D2 D3 D4
Capital investment  $100,000 $140,600 $148,200 $122,000
Annual expenses 29,000 16,900 14,800 22,100
Useful life (years) 5 5 5 5
Market value 10,000 14,000 25,600 14,000

Observe that this example is a cost-type situation with four mutually exclusive cost
alternatives. The following solution demonstrates the use of the incremental
analysis procedure to compare cost alternatives and applies Rule 2 in
Section 6.2.2.

N  Solution by Hand

The first step is to arrange (rank-order) the four mutually exclusive cost
alternatives on the basis of their increasing capital investment costs. Therefore,
the order of the alternatives for incremental analysis is D1, D4, D2, and D3.

Since these are cost alternatives, the one with the least capital investment,
D1, is the base alternative. Therefore, the base alternative will be preferred unless
additional increments of capital investment can produce cost savings (benefits)
that lead to a return equal to or greater than the MARR.

The first incremental cash flow to be analyzed is that between designs D1
and D4, A(D4 — D1). The results of this analysis, and of subsequent differences
between the cost alternatives, are summarized in Table 6-4, and the incremental
investment analysis for the IRR method is illustrated in Figure 6-7. These results
show the following:
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Comparison of Four Cost (Design) Alternatives Using
the IRR and PW Methods with Incremental Analysis
(Example 6-5)

261

Increment Considered A(D4 — D1) A(D2 — D4) A(D3 — D4)
A Capital investment $22,000 $18,600 $26,200
A Annual expense (savings) 6,900 5,200 7,300
A Market value 4,000 0 11,600
Useful life (years) 5 5 5
IRR A 20.5% 12.3% 20.4%
Is increment justified? Yes No Yes
PW A (20%) $243 —$3,049 $293
Is increment justified? Yes No Yes
Incremental Investment Analysis Selection
Increment of Capital Capital
Investment Investment IRR, Design Investment
A (D3 — D4) $26,200 20.4% (Accept)
A (D2 — D4) $18,600 12.3% (Reject)
A (D4 — DI) $22,000 20.5% (Accept)
D3" $148,200
DI $100,000 Base Alternative”

* Since these are cost alternatives, the IRR of D3 cannot be determined.

Figure 6-7 Representation of Capital Investment Increments and IRR
on Increments Considered in Selecting Design 3 (D3) in Example 6-5

1. The incremental cash flows between the cost alternatives are, in fact,

investment alternatives.

. The first increment, A(D4 — D1), is justified (IRRx = 20.5% is greater than
MARR = 20%, and PW (20%) = $243 > 0); the increment A(D2 — D4) is
not justified; and the last increment, A(D3 — D4)—not A(D3 — D2), because
Design D2 has already been shown to be unacceptable—is justified, resulting
in the selection of Design D3 for the air compressor. Itis the highest investment
for which each increment of investment capital is justified from the user’s
perspective.

. The same capital investment decision results from the IRR method and the PW
method, using the incremental analysis procedure, because when the equivalent
worth of an investment at i = MARR is greater than zero, its IRR is greater than
MARR (from the definition of the IRR; Chapter 5).
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Spreadsheet Solution

Figure 6-8 shows the complete spreadsheet solution for this example. The first
set of incremental EOY cash flows has two EOY five entries: one for the difference
in annual expense savings and one for the difference in market value. These two
values are combined in the second set of incremental EOY cash flows for direct
computation of the incremental IRR and PW amounts. Note that the IRR function
can handle EOY zero through EOY five cash flows as given, while the PW
computation needs to add the EOY zero cash flow outside of the NPV function.

As was previously discovered via manual computation, the first increment
A(D4 — D1) is justified; the increment A(D2 — D4) is not justified; and the
last increment A(D3 — D#4) is justified. Thus, D3 is selected as the preferred
COMpressor.

As previously mentioned, spreadsheets make it easy to answer what if types
of questions. For example, how much would the annual expense have to be for
compressor D4 for it to become preferable to D3? (Hint: The incremental PW
has to be positive.) It is easy to change the value in cell E6 by hand to bracket a
small positive PW value. This corresponds to an annual expense of $22,002 for
D4. It can also be solved quickly by using the Solver tool.

A [ B S | O = =
L1 MARR = _ 0%
| 2 |Usgeful Life = | 5|
3 | | | |
|4 : oD bz | D3 | D
|5 Capital Investment | § 100,000 § 140600 § 148200 § 122000
| B \Annual Expense | § 29000 | F 16900 |5 14800 | F 227100
Markst \Val
ey ; arket Value § 10000 5 140005 25600 5 14000 ||: —
- g EOY ADID1) || AD2D4) | ADIDI) e
B EE 0 9 paom) s8[54 ey =5
B 11 1 fg 5900 5 & 5200(3¢ 7300
= $BS6— SES6 [ ! e T
EEl 3 '§  6900|§ 520 § 7400 -
14 1 '§ 6000 § 5200 § 7300
15 5 5 AI00 5 5200 5 7300 -
16 5 1y 4000 § R T -D7-E7
=E7-BT{— e | i faem
E ________________ j____________.__. ___________________ — C7 E7
|18 EOY | 4AD4DY) | AD2D4y | ADID) —
_p1o L2 g Po 2000y § (18500) § (26.200)
_ 20 | 1 (e BI00|5 5200/ % 7300
vl 2 il BIO0 | § 5200 § 7300
= |22 3 § GO0 S20 5 7300
2 1 5 60 5 530003 7300
B 5 fg 10000 § 5200 § 18900
2%
=B+ D16 i8] arR —— ME% 3% A%
27 | AP0 %) fp 2435 (@043 § 293
1
=IRR(B19:B24,$B$1) | | = NPV($B$1, B20:B24) + B19

Figure 6-8 Spreadsheet Solution, Example 6-5




SECTION 6.4 / UseruL Lives ARe EQUAL To THE STuDY Periop 263

Now we turn our attention to the ERR method which was explained in
Chapter 5. Also, in Appendix 5-A, the ERR method was illustrated as a substitute for
the IRR method when analyzing a nonconventional investment type of cash flow. In
Example 6-6, the ERR method is applied using the incremental investment analysis
procedure to compare the mutually exclusive alternatives for an engineering
improvement project.

Incremental Analysis Using ERR

In an automotive parts plant, an engineering team is analyzing an improvement
project to increase the productivity of a flexible manufacturing center. The
estimated net cash flows for the three feasible alternatives being compared are
shown in Table 6-5. The analysis period is six years, and MARR for capital
investments at the plant is 20% per year. Using the ERR method, which
alternative should be selected? (¢ = MARR.)

Solution

The procedure for using the ERR method to compare mutually exclusive
alternatives is the same as for the IRR method. The only difference is in the
calculation methodology.

Table 6-5 provides a tabulation of the calculation and acceptability of
each increment of capital investment considered. Since these three feasible
alternatives are a mutually exclusive set of investment alternatives, the base
alternative is the one with the least capital investment cost that is economically
justified. For Alternative A, the PW of the negative cash-flow amounts (ati = €%)

Comparison of Three Mutually Exclusive Alternatives Using the ERR Method
(Example 6-6)

Alternative Cash Flows Incremental Analysis of Alternatives
End of Period A B C Al A(B — A) A(C — A)
0 —5$640,000 —%$680,000  —%$755,000 —5$640,000 —5$40,000 —5$115,000
1 262,000 —40,000 205,000 262,000 —302,000 —57,000
2 290,000 392,000 406,000 290,000 102,000 116,000
3 302,000 380,000 400,000 302,000 78,000 98,000
4 310,000 380,000 390,000 310,000 70,000 80,000
5 310,000 380,000 390,000 310,000 70,000 80,000
6 260,000 380,000 324,000 260,000 120,000 64,000

Incremental analysis:

A PW of negative cash-flow amounts 640,000 291,657 162,498
A FW of positive cash-flow amounts 2,853,535 651,091 685,082
ERR 28.3% 14.3% 27.1%
Is increment justified? Yes No Yes

% The net cash flow for Alternative A, which is the incremental cash flow between making no change ($0) and implementing

Alternative A.
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is just the $640,000 investment cost. Therefore, the ERR for Alternative A is the
following;:

$640,000(F/P,i'%,6) = $262,000(F/P,20%,5) + - - - + $260,000
= $2,853,535
(F/P,i'%,6) = (1+i")® = $2,853,535/$640,000 = 4.4586
(1+1) = (4.4586)/° = 1.2829
i’ = 0.2829, or ERR = 28.3%.

Using a MARR = 20% per year, this capital investment is justified, and
Alternative A is an acceptable base alternative. By using similar calculations, the
increment A(B — A), earning 14.3%, is not justified and the increment A(C — A),
earning 27.1%, is justified. Therefore, Alternative C is the preferred alternative
for the improvement project. Note in this example that revenues varied among
the alternatives and that Rule 1, Section 6.2.2, was applied.

By this point in the chapter, three key observations are clear concerning the
comparison of mutually exclusive alternatives: (1) equivalent-worth methods
are computationally less cumbersome to use, (2) both the equivalent-worth and
rate-of-return methods, if used properly, will consistently recommend the best
alternative, but (3) rate-of-return methods may not produce correct choices if the
analyst or the manager insists on maximizing the rate of return on the total cash
flow. That is, incremental investment analysis must be used with rate-of-return
methods to ensure that the best alternative is selected.

6.5 Useful Lives Are Unequal among the Alternatives

When the useful lives of mutually exclusive alternatives are unequal, the
repeatability assumption may be used in their comparison if the study period can
be infinite in length or a common multiple of the useful lives. This assumes that the
economic estimates for an alternative’s initial useful life cycle will be repeated in
all subsequent replacement cycles. As we discussed in Section 6.3, this condition is
more robust for practical application than it may appear. Another viewpoint is to
consider the repeatability assumption as a modeling convenience for the purpose
of making a current decision. When this assumption is applicable to a decision situation,
it simplifies comparison of the mutually exclusive alternatives.

If the repeatability assumption is not applicable to a decision situation, then an
appropriate study period needs to be selected (coterminated assumption). This is the
approach most frequently used in engineering practice because product life cycles
are becoming shorter. Often, one or more of the useful lives will be shorter or longer
than the selected study period. When this is the case, cash-flow adjustments based
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on additional assumptions need to be used so that all the alternatives are compared
over the same study period. The following guidelines apply to this situation:

1. Useful life < Study period

(a) Cost alternatives: Because each cost alternative has to provide the same
level of service over the study period, contracting for the service or leasing
the needed equipment for the remaining years may be appropriate. Another
potential course of action is to repeat part of the useful life of the original
alternative and then use an estimated market value to truncate it at the end
of the study period.

(b) Investment alternatives: The first assumption is that all cash flows will be
reinvested in other opportunities available to the firm at the MARR to the
end of the study period. A second assumption involves replacing the initial
investment with another asset having possibly different cash flows over
the remaining life. A convenient solution method is to calculate the FW of
each mutually exclusive alternative at the end of the study period. The PW
can also be used for investment alternatives, since the FW at the end of the
study period, say N, of each alternative is its PW times a common constant
(F/P,i%,N), where i% = MARR.

2. Useful life > Study period: The most common technique is to truncate the
alternative at the end of the study period, using an estimated market value.
This assumes that the disposable assets will be sold at the end of the study
period at that value.

The underlying principle, as discussed in Section 6.3, is to compare the mutually
exclusive alternatives being considered in a decision situation over the same
study (analysis) period.

In this section, we explain how to evaluate mutually exclusive alternatives
having unequal useful lives. First we consider equivalent-worth methods for
making comparisons of alternatives. Then we turn our attention to the use of the
rate-of-return method for performing the analysis.

6.5.1 Equivalent-Worth Methods

When the useful lives of alternatives are not the same, the repeatability assumption is
appropriate if the study period is infinite (very long in length) ora common multiple
of the useful lives. Under this assumption, the cash flows for an alternative’s initial
life cycle will be repeated (i.e., they are identical) in all subsequent replacement
cycles. Because this assumption is applicable in many decision situations, it is
extremely useful and greatly simplifies the comparison of mutually exclusive
alternatives. With repeatability, we will simply compute the AW of each alternative
over its own useful life and recommend the one having the most economical value
(i.e., the alternative with the highest positive AW for investment alternatives and
the alternative with the least negative AW for cost alternatives).
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Example 6-7 demonstrates the computational advantage of using the AW
method (instead of PW or FW) when the repeatability assumption is applicable.
Example 6-8 illustrates the use of the coterminated assumption for the same set
of alternatives when the selected study period is not a common multiple of the
useful lives.

m Useful Lives # Study Period: The Repeatability Assumption

The following data have been estimated for two mutually exclusive investment
alternatives, A and B, associated with a small engineering project for which
revenues as well as expenses are involved. They have useful lives of four and
six years, respectively. If MARR = 10% per year, show which alternative is
more desirable by using equivalent-worth methods (computed by hand and by
spreadsheet). Use the repeatability assumption.

VIDEQ
SOLUTIONS

A B
Capital investment $3,500 $5,000
Annual cash flow 1,255 1,480
Useful life (years) 4 6
Market value at end of useful life 0 0

Solution

The least common multiple of the useful lives of Alternatives A and B is 12
years. Using the repeatability assumption and a 12-year study period, the first
like (identical) replacement of Alternative A would occur at EQY four, and the
second would be at EOY eight. For Alternative B, one like replacement would
occur at EOQY six. This is illustrated in Part 1 of Figure 6-9.

Solution by the PW Method

The PW (or FW) solution must be based on the total study period (12 years). The
PW of the initial useful life cycle will be different than the PW of subsequent
replacement cycles:

PW(10%)a = —%$3,500 — $3,500[(P/F,10%,4) + (P/F,10%, 8)]
+ ($1,255)(P/A,10%,12)
= $1,028,

PW(10%)p = —$5,000 — $5,000(P/F, 10%, 6)
+ ($1,480)(P/A,10%,12)
= $2,262.

Based on the PW method, we would select Alternative B.
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Part 1: Repeatability Assumption, Example 6-7, Part 2: Coterminated Assumption, Example 6-8,
Least Common Multiple of Useful Lives Six-Year Analysis Period.
Is 12 years.

Three cycles of Alternative A:

Assumed reinvestment of
cash flows at the MARR

for 2 years
Al A2 A3 A
0 8 12 years 0 6 years
Two cycles of Alternative B:
B1 B2 B
0 6 12 years 0 6 years
Figure 6-9 lllustration of Repeatability Assumption (Example 6-7) and Coterminated Assumption

(Example 6-8)

Solution by the AW Method

The like replacement of assets assumes that the economic estimates for the
initial useful life cycle will be repeated in each subsequent replacement cycle.
Consequently, the AW will have the same value for each cycle and for the study
period (12 years). This is demonstrated in the next AW solution by calculating (1)
the AW of each alternative over the 12-year analysis period based on the previous
PW values and (2) determining the AW of each alternative over one useful life
cycle. Based on the previously calculated PW values, the AW values are

AW(10%)4 = $1,028(A/P,10%,12) = $151,
AW(10%)p = $2,262(A/P,10%,12) = $332.
Next, the AW of each alternative is calculated over one useful life cycle:
AW(10%)a = —$3,500(A/P,10%,4) + ($1,255) = $151,
AW(10%)p = —$5,000(A/P,10%, 6) + ($1,480) = $332.

This confirms that both calculations for each alternative result in the same
AW value, and we would again select Alternative B because it has the larger
value ($332).

Spreadsheet Solution

Figure 6-10 shows the spreadsheet solution for this example. EOY cash flows
are computed for each alternative over the entire 12-year study period. For
Alternative A, the annual cash flow of $1,255 is combined with the necessary



268 CHAPTER 6 / COMPARISON AND SELECTION AMONG ALTERNATIVES

reinvestment cost ($3,500) at the end of each useful life cycle (at EOY 4 and
EQY 8). A similar statement can be made for Alternative B at the end of its first
life cycle (EOY 6 = $1,480 — $5,000). As was the case in the previous solution by
hand, Alternative B is selected because it has the largest PW (and therefore AW)
value. (How much would the annual cash flow for Alternative A have to be for
it to be as desirable as Alternative B? Answer: $1,436.)

A B ¢
1 |MARR = | 10%
2 |Study Period = | 12
= _
4 A B
Capital
5 |lvestment= | §  (3500) § (5,000)
Annual cash

B flow= ] 1255 1 § 1480
F|Useful Life= | 4 B
g

=B e rov -
10 0 54 (350) §  (5000)
11 1 [Fe 12003 1430
12 2 ] 1255 § 1,480

- B3¢ o 3 e 1,480
14 4 (b g (2.245) 1480
15 ] ] 1265 § 1,480 _

= B$6 + B$5 16 B 5 125556 s L= SN E

17 7 (5] 12555 1,480
18 B 54 (M5 § 1480
13 g § 12555 1480
20 10 [§ 1255 (5 1,480
21 1§ 125§ 1480
2 12 ] 1255 § 1,480
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Figure 6-10 Spreadsheet Solution, Example 6-7

EXAMPLE 6-8

Useful Lives # Study Period: The Coterminated Assumption

Suppose that Example 6-7 is modified such that an analysis period of six
years is used (coterminated assumption) instead of 12 years, which was based
on repeatability and the least common multiple of the useful lives. Perhaps
the responsible manager did not agree with the repeatability assumption and
wanted a six-year analysis period because it is the planning horizon used in the
company for small investment projects.
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Solution

An assumption used for an investment alternative (when useful life is less than
the study period) is that all cash flows will be reinvested by the firm at the
MARR until the end of the study period. This assumption applies to Alternative
A, which has a four-year useful life (two years less than the study period), and
it is illustrated in Part 2 of Figure 6-9. We use the FW method to analyze this

situation:
FW(10%)a = [—$3,500(F/P,10%,4) + ($1,255)(F/A,10%,4)1(F/P,10%, 2)
= $847,
FW(10%)p = —%$5,000(F/P,10%, 6) + ($1,480)(F/A,10%, 6)
= $2,561.

Based on the FW of each alternative at the end of the six-year study period, we
would select Alternative B because it has the larger value ($2,561).

In the solution to Example 6-7, it was shown that, when repeatability is
assumed, the AW of an alternative over a single life cycle is equal to the AW of the
alternative over the entire study period. As a result, we can adopt the following rule
to simplify the analysis of alternatives with unequal lives when the repeatability
assumption is applicable:

When the repeatability assumption is applied, simply compare the AW amounts
of each alternative over its own useful life and select the alternative that
maximizes AW.

The capitalized-worth (CW) method was introduced in Chapter 5 as a special
variation of the PW method when revenues and expenses occur over an infinite
length of time. CW is a convenient basis for comparing mutually exclusive
alternatives when the period of needed service is indefinitely long and the
repeatability assumption is applicable.

Comparing Alternatives Using CW

b j“"’ We now revisit the problem posed at the beginning of the chapter involving
/~: f\ two containment alternatives for coal combustion by-products. Because an

s indefinitely long study period is specified, we use the CW method to compare
\& / the two storage methods. First we compute the AW of each system over its useful
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life, and then we determine the capitalized worth (refer to Section 5.3.3) over a
very long study period.

Wet: AW (10%) = —$2,000,000,000 (A/P, 10%, 10) — $300,000,000
= —$625,400,000
CW(10%) = AW(10%)/0.10 = —$6,254,000,000
Dry: AW(10%) = —$2,500,000,000 (A/P, 10%, 7) — $150,000,000
= —%$663,500,000
CW(10%) = AW(10%)/0.10 = —$6,635,000,000

We recommend the wet slurry storage method because it has the lesser negative
(greater) CW.

Example 6-10 demonstrates how to deal with situations in which multiple
machines are required to satisfy a fixed annual demand for a product or service.
Such problems can be solved by using Rule 2 and the repeatability assumption.

AW and Repeatability: Perfect Together!

Three products will be manufactured in a new facility at the Apex Manufacturing
@ Company. They each require an identical manufacturing operation, but different

production times, on a broaching machine. Two alternative types of broaching
machines (M1 and M?2) are being considered for purchase. One machine type
must be selected.

For the same level of annual demand for the three products, annual
production requirements (machine hours) and annual operating expenses (per
machine) are listed next. Which machine should be selected if the MARR
is 20% per year? Solve by hand and by spreadsheet. Show all work to
support your recommendation. (Use Rule 2 on page 245 to make your
recommendation.)

YIDEO
SOLUTIGNS

Product Machine M1 Machine M2
ABC 1,500 hr 900 hr
MNQ 1,750 hr 1,000 hr
STV 2,600 hr 2,300 hr

5,850 hr 4,200 hr
Capital investment $15,000 per machine $22,000 per machine
Expected life five years eight years

Annual expenses $4,000 per machine $6,000 per machine
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Assumptions: The facility will operate 2,000 hours per year. Machine availability
is 90% for Machine M1 and 80% for Machine M2. The yield of Machine M1 is
95%, and the yield of Machine M2 is 90%. Annual operating expenses are based
on an assumed operation of 2,000 hours per year, and workers are paid during
any idle time of Machine M1 or Machine M2. Market values of both machines
are negligible.

R solution by Hand

The company will need 5,850 hours/[2,000 hours (0.90)(0.95)] =3.42 (four
machines of type M1) or 4,200 hours/[2,000 hours (0.80)(0.90)] =2.92 (three
machines of type M2). The maximum operation time of 2,000 hours per year

A I TN 0 I - F ] G
Facility Operation
1 |MARR = | 20% _ Hours/year = | 2,000
2 | . .
3 . m M2 | Product M1 M2
4| Capital Investment (ea) | $ 15000 | $ 22000 | | |ABC (hrs) 1,500 | 800
5 |Useful Life | 5 8 1 MNQ (hrs) 1,750 | 1,000
B | Annual Expenses (ea.) $ 4000 § 65,000 i STV (hrs.) 2600 | 2,300
7 |Availability 90% 80% |
8 | Yield 95% 90% ' Total Hrs. . 5 850 4200
= | =36s1*B7 | | — SUM(F4:F6) |
11 oM M2 i EOY | M1 | M2
12| Annual Available Hours | & 1,800 1600 | 0 e (60,000) § (66 ,0000)
13 |Annual Net Yield Hours ¢ 1710 1440 | | 1 (5 (16,000) § (18,0000
Theoretical '
14 |Requirement 342 292 ! 2 |8 {16,000) § (18 ,000)
15 | Actual Requirement y 4 3 i 3 ] (16,000) § (18,000)
16 : 4 $ (16,000) § (18,000)
17 =B12 * B8 : 5 |5 (16,000) § (18,000)
18 | g I (18 ,000)
19 = F8/B13 : 7 § (18,000)
20 i a8 § (18,000)
21 | | |
2 [Aw = ¢ (§36063) ¢ ($35200)
= CEILING(B14,1) — =-B$6 * B$15—

=-PMT ($B$L, B5, NPV ($B$1, F13:F17) + F12)

= -PMT ($B$1, C5, NPV ($B$1, G13:G20) + G12)

Figure 6-11 Spreadsheet Solution, Example 6-10
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in the denominator must be multiplied by the availability of each machine and
the yield of each machine, as indicated.

The annual cost of ownership, assuming a MARR = 20% per year, is
$15,000(4)(A/P, 20%, 5)=$20,064 for Machine M1 and $22,0003)(A/P, 20%,
8) =$17,200 for Machine M2.

There is an excess capacity when four Machine M1s and three Machine M2s
are used to provide the machine-hours (5,850 and 4,200, respectively) just given.
If we assume that the operator is paid for idle time he or she may experience
on M1 or M2, the annual expense for the operation of four M1s is 4 machines x
$4,000 per machine = $16,000. For three M2s, the annual expense is 3 machines x
$6,000 per machine = $18,000.

The total equivalent annual cost for four Machine M1s is $20,064 + $16,000 =
$36,064. Similarly, the total equivalent annual expense for three Machine
M2s is $17,200 + $18,000 = $35,200. By a slim margin, Machine M2 is the
preferred choice to minimize equivalent annual costs with the repeatability
assumption.

Spreadsheet Solution

Figure 6-11 on page 271 shows the complete spreadsheet solution for this
example. Note the use of the CEILING function in cell B15 to convert the
noninteger theoretical number of machines required into an actual requirement.
This actual requirement is used to compute the total EOY cash flows for each
alternative by multiplying the per-machine costs by the number of machines
required.

Since we are assuming repeatability, the EOY cash flows are shown only
for the initial useful life span for each alternative. These cash flows are then
used to compute the AW of each alternative. As seen previously, purchasing
three broaching machines of type M2 is preferred to purchasing four machines
of type M1.

m Modeling Estimated Expenses as Arithmetic Gradients

You are a member of an engineering project team that is designing a new
processing facility. Your present design task involves the portion of the catalytic
system that requires pumping a hydrocarbon slurry that is corrosive and
contains abrasive particles. For final analysis and comparison, you have
selected two fully lined slurry pump units, of equal output capacity, from
different manufacturers. Each unit has a large-diameter impeller required and
an integrated electric motor with solid-state controls. Both units will provide the
same level of service (support) to the catalytic system but have different useful
lives and costs.
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Pump Model
SP240 HEPS9
Capital investment $33,200 $47,600
Annual expenses:
Electrical energy $2,165 $1,720
Maintenance $1,100 in year 1, $500 in year 4, and
and increasing increasing $100/yr
$500/yr thereafter  thereafter
Useful life (years) 5 9
Market value (end of useful life) 0 5,000

The new processing facility is needed by your firm at least as far into the
future as the strategic plan forecasts operating requirements. The MARR is 20%
per year. Based on this information, which slurry pump should you select?

Solution

Notice that the estimates for maintenance expenses involve an arithmetic
gradient series (Chapter 4). A cash-flow diagram is very useful in this situation
to help keep track of the various cash-flow series. The cash-flow diagrams for
pump models SP240 and HEPS9 are shown in Figure 6-12.

The repeatability assumption is a logical choice for this analysis, and a study
period of either infinite or 45 years (least common multiple of the useful lives) in
length can be used. With repeatability, the AW over the initial useful life of each
alternative is the same as its AW over the length of either study period:

AW (20%)spos0 = —$33,200(A/P,20%, 5) — $2,165
—[$1,100 + $500(A/G, 20%, 5)]
= —$15,187,
AW(20%)1Epse = —$47,600(A/P,20%,9) + $5,000(A/F, 20%,9)
—$1,720 — [$500(P/A, 20%, 6)
+$100(P/G,20%, 6)] x (P/F,20%,3) x (A/P,20%,9)
= —$13,622.

Based on Rule 2 (Section 6.2.2), you should select pump model HEPSY, since the
AW over its useful life (nine years) has the smaller negative value (—$13,622).

As additional information, the following two points support in choosing the
repeatability assumption in Example 6-11:

1. The repeatability assumption is commensurate with the long planning
horizon for the new processing facility and with the design and operating
requirements of the catalytic system.
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Model SP240
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Figure 6-12 Cash-Flow Diagrams for the Pump Models Being Compared

in Example 6-11

a logical assumption

If the initial estimated costs change for future pump-replacement cycles,
is that the ratio of the AW values for the two
alternatives will remain approximately the same. Competition between the
two manufacturers should cause this to happen. Hence, the pump selected

(model HEPS9) should continue to be the preferred alternative.

If the existing model is redesigned or new models of slurry pumps become
available, however, another study to analyze and compare all feasible alter-

natives is required before

a replacement of the selected pump occurs.
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6.5.2 Rate-of-Return Analysis

Up until this point, we have solved problems with unequal lives (see Section 6.5)
with the use of the equivalent-worth methods (AW being the most convenient). The
analysis of alternatives having unequal lives can also be accomplished by using
rate-of-return methods. When the cotermination method is used, the incremental
analysis procedure described in Section 6.4 can be applied directly. When the study
period is either indefinitely long or equal to a common multiple of the useful lives,
however, computing the incremental cash flows can be quite cumbersome. For
example, the implicit study period in Example 6-11 is 45 years! In this instance, a
more direct approach is useful.

In general, the IRR of an increment of capital is the interest rate, i*, that
equates the equivalent worth of the higher capital investment cost alternative to
the equivalent worth of the lower capital investment cost alternative. The decision
rule using this approach is that, if i* > MARR, the increment is justified and
the alternative with the higher capital investment cost is preferred. So, when
repeatability applies, we simply need to develop the AW equation for each
alternative over its own useful life and find the interest rate that makes them
equal. To demonstrate, consider the alternatives that were analyzed in Example 6-8
by using a MARR of 10% per year and a study period of 12 years (repeatability
assumption).

A B
Capital investment $3,500 $5,000
Annual cash flow 1,255 1,480
Useful life (years) 4 6

Equating the AW of the alternatives over their respective lives, we get
AW A (1" %) = AWB(i* %)
—$3,500(A/P,i*%,4) + $1,255 = —$5,000(A/P, i* %, 6) + $1,480.

By trial and error, the IRR of the extra capital needed to repeatedly invest in
Alternative B (instead of Alternative A) over the study period is i* = 26%. Since
this value is greater than the MARR, the increment is justified and Alternative B
is preferred. This is the same decision arrived at in Example 6-7. The interested
student is encouraged to verify that, if the spreadsheet previously displayed in
Figure 6-10 were to be expanded to include a column of incremental cash flows
over the entire 12-year study period, the IRR of these cash flows, using the IRR
function, is indeed 26%.

6.5.3 The Imputed Market Value Technique

Obtaining a current estimate from the marketplace for a piece of equipment or another
type of asset is the preferred procedure in engineering practice when a market
value at time T < (useful life) is required. This approach, however, may not be
feasible in some cases. For example, a type of asset may have low turnover in the
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marketplace, and information for recent transactions is not available. Hence, it is
sometimes necessary to estimate the market value for an asset without current and
representative historical data.

The imputed market value technique, which is sometimes called the implied
market value, can be used for this purpose as well as for comparison with
marketplace values when current data are available. The estimating procedure
used in the technique is based on logical assumptions about the value of the
remaining useful life for an asset. If an imputed market value is needed for a piece
of equipment, say, at the end of year T < (useful life), the estimate is calculated on
the basis of the sum of two parts, as follows:

MVt = [PW at EOY T of remaining capital recovery (CR) amounts]
+[PW at EOY T of original market value at end of useful life],

where PW is computed at i = MARR.
The next example uses information from Example 6-11 to illustrate the
technique.

m Estimating a New Market Value when Useful Life > Study Period

Use the imputed market value technique to develop an estimated market value
for pump model HEPS9 (Example 6-11) at EOY five. The MARR remains 20%
per year.

Solution

The original information from Example 6-11 will be used in the solution: capital
investment = $47,600, useful life = nine years, and market value = $5,000 at the
end of useful life.

First, compute the PW at EOY five of the remaining CR amounts
[Equation (5-5)]:

PW(20%)cr = [$47,600(A/P,20%,9) — $5,000(A/F,20%,9)] x (P/A,20%,4)
= $29,949.

Next, compute the PW at EOY five of the original MV at the end of useful life
(nine years):

PW(20%)mv = $5,000(P/F,20%,4) = $2,412.
Then, the estimated market value at EQY five (T = 5) is as follows:
MVs = PWcRr + PWnmy
= $29,949 + $2,412 = $32,361.

In summary, utilizing the repeatability assumption for unequal lives among
alternatives reduces to the simple rule of “comparing alternatives over their
useful lives using the AW method, at i = MARR.” This simplification, however,



SECTION 6.6 / PERsONAL FINaNCEs 277

may not apply when a study period, selected to be shorter or longer than the
common multiple of lives (coterminated assumption), is more appropriate for
the decision situation. When utilizing the coterminated assumption, cash flows
of alternatives need to be adjusted to terminate at the end of the study period.
Adjusting these cash flows usually requires estimating the market value of assets
at the end of the study period or extending service to the end of the study period
through leasing or some other assumption.

6.6 Personal Finances

Sound financial planning is all about making wise choices for your particular
circumstances (e.g., your amount of personal savings, your job security, your
attitude toward risk). Thus far in Chapter 6, we have focused on facilitating good
decision making from the perspective of a corporation. Now we apply these same
principles (remember them from Chapter 1?) to several problems you are likely to
face soon in your personal decision making.

Two of the largest investments you’ll ever make involve houses and
automobiles. This section presents examples of acquiring these assets, usually with
borrowed money. Another concern is the extensive use of credit cards (maybe we
think that nothing is expensive on a credit card). It turns out that people who use
credit cards (almost all of us!) tend to spend more money than others who pay cash
or write checks. An enlightening exercise to see how addicted you are to credit
cards is to go cold turkey for two months.

A fundamental lesson underlying this section is to save now rather than
spending on luxury purchases. By choosing to save now, we are making an attempt
to minimize the risk of making poor decisions later on. Check out the savings
calculators at www.Choosetosave.org.

NEZITEEN  Automobile Financing Options

You have decided to purchase a new automobile with a hybrid-fueled engine
and a six-speed transmission. After the trade-in of your present car, the purchase
price of the new automobile is $30,000. This balance can be financed by an auto
dealer at 2.9% APR with payments over 48 months. Alternatively, you can get a
$2,000 discount on the purchase price if you finance the loan balance at an APR
of 8.9% over 48 months. Should you accept the 2.9% financing plan or accept the
dealer’s offer of a $2,000 rebate with 8.9% financing? Both APRs are compounded
monthly.

Solution

In this example, we assume that your objective is to minimize your monthly car
payment.

2.9% financing monthly payment:
$30,000 (A/P, 2.9%/12, 48 months) = $30,000(0.0221) = $663.00 per month
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8.9% financing monthly payment:
$28,000 (A/P, 8.9%/12,48 months) = $28,000(0.0248) = $694.90 per month

Therefore, to minimize your monthly payment, you should select the 2.9%
financing option.

What If Questions

When shopping for an automobile you'll find that there are many financing
options like the ones in this example available to you. You may find it useful to
ask yourself questions such as “how high would the rebate have to be for me
to prefer the rebate option,” or “how low would the APR have to be for me to
select the rebate option?” The answers to these questions can be found through
simple equivalence calculations.

(a) How much would the rebate have to be?

Let X = rebate amount. Using the monthly payment of $663 from the 2.9%
financing option, we can solve for the rebate amount that would yield the
same monthly payment.

($30,000 — X)(A/P, 8.9%/12 months, 48 months) = $663
($30,000 — X)(0.0248) = $663
X = $3,266

(b) How low would the interest rate have to be?

Now we want to find the interest rate that equates borrowing $28,000 to 48
monthly payments of $663. This question is easily solved using a spreadsheet
package.

RATE (48, —663, 28000) = 0.535% per month
APR = 0.535% x 12 = 6.42%

EXAMPLE 6-14

Mortgage Financing Options

A general rule of thumb is that your monthly mortgage payment should not
exceed 28% of your household’s gross monthly income. Consider the situation of
Jerry and Tracy, who just committed to a $300,000 mortgage on their dream home.
They have reduced their financing choices to a 30-year conventional mortgage
at 6% APR, or a 30-year interest-only mortgage at 6% APR.

(a) Which mortgage, if either, do they qualify for if their combined gross annual
income is $70,000?

(b) What is the disadvantage in an interest-only mortgage compared to the
conventional mortgage?
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Solution

(a) Using the general rule of thumb, Jerry and Tracy can afford a monthly
mortgage payment of (0.28)($70,000/12) = $1,633. The monthly payment
for the conventional mortgage is

$300,000 (A/P, 0.5%, 360) = $1,800.
For the interest-only mortgage, the monthly payment is
(0.005)($300,000) = $1,500.

Thus, the conventional mortgage payment is larger than what the guideline
suggests is affordable. This type of loan is marginal because it stretches their
budget too much. They easily qualify for the interest-only mortgage because
the $1,500 payment is less than $1,633.

(b) If home prices fall in the next several years, Jerry and Tracy may have
“negative equity” in their home because no principal has been repaid in
their monthly interest-only payments. They will not have any buffer to fall
back on should they have to sell their house for less than they purchased
it for.

It is important to note that interest-only loans don’t remain interest-only
for the entireloan period. The length of time that interest-only payments may
be made is defined in the mortgage contract and can be as short as 5 years
or as long as 15 years. After the interest-only period is over, the monthly
payment adjusts to include principal and interest. It is calculated to repay
the entire loan by the end of the loan period. Suppose Jerry and Tracy’s
interest-only period was five years. After this time, the monthly payment
would become

$300,000(A/P, 0.5%, 300) = $1,932.90.

Before Jerry and Tracy accept this type of loan, they should be confident that
they will be able to afford the $1,932.90 monthly payment in five years.

m Comparison of Two Savings Plans

Suppose you start a savings plan in which you save $500 each year for 15 years.
You make your first payment at age 22 and then leave the accumulated sum in
the savings plan (and make no more annual payments) until you reach age 65,
at which time you withdraw the total accumulated amount. The average annual
interest rate you'll earn on this savings plan is 10%.

A friend of yours (exactly your age) from Minnesota State University waits
10 years to start her savings plan. (That is, she is 32 years old.) She decides to
save $2,000 each year in an account earning interest at the rate of 10% per year.
She will make these annual payments until she is 65 years old, at which time
she will withdraw the total accumulated amount.
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How old will you be when your friend’s accumulated savings amount
(including interest) exceeds yours? State any assumptions you think are

necessary.

Solution

Creating cash-flow diagrams for Example 6-15 is an important first step in
solving for the unknown number of years, N, until the future equivalent values
of both savings plans are equal. The two diagrams are shown below. The future
equivalent (F) of your plan is $500(F /A, 10%, 15)(F/P,10%, N — 36) and that of
your friend is F’ = $2,000(F/A,10%, N — 31). It is clear that N, the age at which
F = F/, is greater than 32. Assuming that the interest rate remains constant at
10% per year, the value of N can be determined by trial and error:

Your savings plan: } Fes
I
]
End of year :
21 22 23 24 35 3 37 38 64 |
I I | I I | | I I 1
NN oo
A = $500/year
Your friend’s savings plan: } Flos
I
1
End of year :
64 :

21 22 23 32 33 34
|

nngy

A'= $2,000/year

RN

N  Your Plan’s F Friend’s F’

36 $15,886 $12,210
38 $19,222 $18,974
39 $21,145 $22,872
40 $23,259 $27,159

-~

-~

By the time you reach age 39, your friend’s accumulated savings will exceed
yours. (If you had deposited $1,000 instead of $500, you would be over 76 years
when your friend’s plan surpassed yours. Moral: Start saving early!)
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Credit Card Offers

Randy just cancelled his credit card with a large bank. A week later, a
representative of the bank called Randy with an offer of a “better” credit card
that will advance Randy $2,000 when he accepts it. Randy could not refuse the
offer and several days later receives a check for $2,000 from the bank. With this
money, Randy decides to buy a new computer.

At the next billing cycle (a month later), the $2,000 advance appears as a
charge against Randy’s account, and the APR is stated to be 21% (compounded
monthly). At this point in time, Randy elects to pay the minimum monthly
payment of $40 and cuts up the credit card so that he cannot make any additional
purchases.

(a) Over what period of time does this payment extend in order to repay the
$2,000 principal?

(b) If Randy decides to repay all remaining principal after having made
15 monthly payments, how much will he repay?

Solution

(@) You may be surprised to know that the majority of credit card companies
determine the minimum monthly payment based on a repayment period
of 10 years. The monthly interest rate being charged for Randy’s card is
21%/12 = 1.75%. We can solve the following equivalence relationship to
determine the number of $40 monthly payments required to pay off a loan
principal of $2,000.

$2,000 = $40(P/A, 1.75%, N)

This is easily solved using the NPER (rate, payment, principal) function in
Excel.

NPER(1.75%, —40,2000) = 119.86

Sure enough, it will take Randy 120 months to pay off this debt.

(b) After having made 15 payments, Randy has 105 payments remaining. To
find the single sum payoff for this loan, we simply have to determine the
present worth of the remaining payments.

Payoff = $40(P/A, 1.75%, 105) = $1,915.96

This payoff amount assumes no penalty for early repayment of the loan
(which is typically the case when it comes to credit cards). Notice how very
little principal ($84.06) was repaid in the early part of the loan.

6.7 CASE STUDY—Ned and Larry’s Ice Cream Company

\;* j; Ned and Larry’s Ice Cream Company produces specialty ice cream and frozen
/ = ’h yogurt in pint-sized containers. The latest annual performance report praised the
\\ Sj // firm for its progressive policies but noted that environmental issues like packaging
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disposal were a concern. In an effort to reduce the effects of consumer disposal
of product packaging, the report stated that Ned and Larry’s should consider the
following proposals:

Proposal A—Package all ice cream and frozen yogurt in quart containers.

Proposal B—Package all ice cream and frozen yogurt in half-gallon containers.

By packaging the product in containers larger than the current pints, the plastic-
coated bleached sulfate board containers will hold more ounces of product per
square inch of surface area. The net result is less discarded packaging per ounce
of product consumed. Additional advantages to using larger containers include
lower packaging costs per ounce and less handling labor per ounce.

Changing to a larger container requires redesign of the packaging and
modifications to the filling production line. The existing material-handling
equipment can handle the pints and quarts, but additional equipment will be
required to handle half-gallons. Any new equipment purchased for proposals A
and B has an expected useful life of six years. The total capital investment for each
proposal is shown in the accompanying table. The table summarizes the details of
these proposals, as well as the current production of pints.

Current (Pints) (A) Quarts (B) Half-Gallons

Capital investment $0 $1,200,000 $1,900,000
Packaging cost per gallon $0.256 $0.225 $0.210
Handling labor cost per gallon $0.128 $0.120 $0.119
Postconsumer landfill contribution 6,500 5,200 4,050

from discarded packaging (yd3/yr)

Because Ned and Larry’s promotes partnering with suppliers, customers, and
the community, they wish to include a portion of the cost to society when evaluating
these alternatives. They will consider 50% of the postconsumer landfill cost as part
of the costs for each alternative. They have estimated landfill costs to average $20
per cubic yard nationwide.

Ned and Larry’s uses a MARR of 15% per year and IRR analyses to evaluate
capital investments. A study period of six years will be used, at which time the
equipment purchased for proposals A and B will have negligible market value.
Production will remain constant at 10,625,000 gallons per year. Determine whether
Ned and Larry’s should package ice cream and frozen yogurt in pints, quarts, or
half-gallons.

Solution

Assuming that Ned and Larry’s is able to sell all ice cream and frozen yogurt
produced, we can focus on the differences in costs associated with the three
packaging alternatives. Since our recommendation is to be supported by IRR
analysis, we must use the incremental analysis procedure.
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The first step in the incremental analysis procedure is to rank-order the
alternatives by increasing capital investment:
Current(pints) — A(quarts) — B(half-gallons).

Now we can compute the incremental difference between producing in quarts (A)
instead of pints (current) and determine whether the incremental capital investment
is justified.

A (A — current)

A Capital investment —$1,200,000
A Packaging cost savings [$0.031/gal](10,625,000 gal/yr) = $329,375/yr
A Handling cost savings [$0.008/gal](10,625,000 gal/yr) = $85,000/yr
A Landfill cost savings [1,300 yd3/yr](0.5)($20/yd3) = $13,000/yr

To determine the IRR of the incremental investment, we can find the interest rate
at which the PW of the incremental cash flows is zero.

PW(iy %) = 0 = —$1,200,000 + ($329,375 + $85,000 + $13,000)(P/A, i\ %, 6).

By trialand error, i)y, % = 27.2% > MARR. Thus, the investment required to produce
the quart-size containers for ice cream is economically justified. Our decision is
currently to produce quart-size containers unless the extra investment required
to produce in half-gallon-size containers (B) earns at least the MARR based on
projected savings.

A(B—A)

A Capital investment —$700,000
A Packaging cost savings [$0.015/gal](10,625,000 gal/yr) = $159,375/yr
A Handling cost savings [$0.001/gall(10,625,000 gal/yr) = $10,625/yr
A Landfill cost savings [1,150 yd3/yrl(0.5)($20/yd3) = $11,500/yr

PW(i’y %) = 0 = —$700,000 + ($159,375 + $10,625 + $11,500)(P/A, i\ %, 6)

By trial and error, i’y % = 14.3% < MARR. Therefore, the extra investment required
to produce in half-gallon-size containers (B) is not justified by the quantified extra
savings.

Based on the preceding incremental IRR analysis, the final recommendation for
Ned and Larry’s Ice Cream Company is to produce ice cream and frozen yogurt in
quart containers (i.e., Proposal A). The foregoing incremental analysis procedure
indicates that this recommendation will yield an iy % = 27.2%, which is greater
than the MARR of 15%. So, by making the recommended change to packaging all
ice cream and frozen yogurt in quart containers, not only will Ned and Larry’s be
delivering great tasting products that are economically attractive to the company,
but also the company will be environmentally conscious as well! A win all around!

What flavor would you like? — =
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6.8 Postevaluation of Results

After comparing alternatives and identifying the preferred course of action (Step 6),
we return to the important Step 7 of the economic analysis procedure in Table 1-1.
Postaudit reviews, which are appraisals of how a project is progressing against
critical milestones, should be conducted during and after a project, recommended
by the procedures in Chapter 6, has been approved and funded. This periodic
feedback will inform management about the following:

1. Are the planned objectives and milestones being (or have been) attained by the
project?
2. Is corrective action required to bring the project in line with the expectations?

3. What can be learned from the selected (and implemented) project that will
improve estimating for future projects?

Learning from past decisions (both good and bad!) is critical to improving
future decisions.

Periodic postaudit reviews serve to reduce, and often correct for, possible bias
in favor of what individual corporate units, divisions, and subsidiaries would
like to accomplish to serve their own self-interests. The tendency to estimate
optimistically future cash flows and other conditions for pet projects seems to
be human nature, but a fair and above-board audit during and after each major
project should keep this in check. As a result, estimating project outcomes will
be taken more seriously when projects are tracked and monitored over their life
cycles. However, a balance must be struck between overly aggressive postaudits
and the counter behavior of causing estimators to become overly conservative in
their project appraisals.

6.9 Project Postevaluation Spreadsheet Approach

Thus far, we have addressed parameter estimation, economic modeling, and
decision making. We now present a means to assess the performance of this
entire modeling process. In a reversal of our normal approach to spreadsheets,
the analysis is presented first, followed by the spreadsheet model.

Quality engineers rely on Individuals control charts, which are based on
individual values rather than averages, to identify areas for process improvement.
These charts identify cases that are drastically different from the rest, providing
a primary focus for improvement efforts. As economic modeling is an ongoing
process, control charts serve as a first step in improving accuracy. While control
charts can guide improvement efforts, they do not indicate specifically how to
improve a process.

Consider a project tracking database with the following information: Product
(Legacy or Joint Venture), Estimated Savings, Actual Savings, and Facility (North,
East, West, South, or Central). The accuracy of the estimation process is typically
measured by looking at the Savings Gap, which is the difference between the actual
and estimated savings. When the estimation process is performing well, the average
Savings Gap will be zero with minimal variation.



SECTION 6.9 / PROJECT POSTEVALUATION SPREADSHEET APPROACH 285

A control chart uses process data to establish a region of typical performance,
which is bounded by the Upper and Lower Control Limits. If the data fall within
this region and exhibit no unusual patterns, the process is deemed to be in a state
of statistical control. Future performance measures will be centered around the
average and fall within the region defined by the control limits. If the process is
not in control, investigating the outlying cases will point to promising areas for
improvement.

Figure 6-13 shows an Individuals control chart for 40 projects. There are four out-
of-control points: Projects 7, 17, 34, and 35. We can identify these in the spreadsheet
by hovering the cursor over each plotted point. All four projects are Joint Ventures,
implying that there is something significantly different about how those project
benefits were estimated. Three of these four project significantly overestimated the
savings.

To explore this preliminary finding, code the Product Type numerically and
create a scatter plot of Savings Gap versus Product Type. Select the “no fill” option
on the plot symbols to provide a cleaner view of the overlapping data values.
Refer to Figure 6-14. The spread and center of the Savings Gap data for the Legacy
products indicate that these products are estimated more precisely and with less
bias then the Joint Venture products.

The large range of Savings Gap values for the Joint Venture products indicates
that there are additional sources of variation in the estimation process. Figure 6-15
is a scatter plot by Facility. As in Figure 6-14, numeric coding of Facility is required
to create this graph. To facilitate comparisons, the ranges of the X-axes are the same
on both plots.

The range of the Savings Gap is greatest at the West facility. We know from the
control chart that these extreme values are for Joint Venture products. There is an

Individuals Control Chart
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Project ID

Figure 6-13 Individuals control chart for Savings Gap by Project ID. Four projects
(7, 17, 34, and 35) had gaps that are beyond the control limits and are classified as
out of control. Determining what is different about how these estimates were
determined will likely lead to a way to improve the process.
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Savings Gap by Product Type
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Figure 6-14 Scatter plot of Savings Gap versus Product Type. The smaller variation of
the Legacy product estimation process is clearly evident in this view of the data.

Savings Gap by Facility

5 O &

4 o

3 00— O

Facility

1} : : LR : : |
\} QO \} Q Q \} \}
N O N ® N ® N
/%@Q” /%@Q“ /@90" sfl@“ %P“Q” %@Q“

Facility: 1 North 2 East 3 West 4 South 5 Central

Figure 6-15 Scatter plot of Savings Gap versus Facility. The symbol outlines allow one
to visualize points with similar values. The West and East facilities have much greater

variation in their savings estimates than the other locations.

overall bias to overestimate savings on Joint Venture products, but the pattern is
broken here, since West has the largest underestimation as well. Investigation is
required to understand this exception to the pattern to better understand how the
estimates are obtained.

The East facility has the next greatest variation, and the low value is another
Joint Venture product. Additional review shows that the Joint Venture products

come only from these two facilities.
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A B c D E F G H I J K L M N 0
1 Project Estimated Actual Savings Facility Product Control Chart  Contred Chart
1] Product Savings Savings Gap Facllity Code Code mR CL uCL L Calculations Wnes
2 1 Legacy § 500,000 S 430,850 93 {19,140} North 1 . S 327601 ¢ -428052 aversgs = -50226
3 2 Legacty § 500000 § 505091 |§ 5.091 East 2 1 24231.03 327601 | -228052 avg mR = 142063
4 3 Legacy S 580,000 5 470,725 | 5(119.275) East 2 1 124386.2 327601 | -428052 constant = ”j: 125942
5 4 JpintVenture § 600,000 S 483,083 | 5 (116.917) East 2 2 2358471 327601 | -228052 uCL= 327601
B 5 JointWenture S 750,000 5 742091 |5 (7.509) East b3 F 109007.4 © | 327601 | -428052 L= ~a-428052
| SAVERAGE(E2:EA1)
—ABS(E3-E2) [ =AVERAGE(12:141)
=350%6
B — o
=02+3*04

=02-3*04

Figure 6-16 Spreadsheet formulas for Individuals control chart. Only the first five projects from the
database are shown to conserve space.

The analysis has narrowed the scope of our investigation to Joint Venture
products at the West and East facilities. Understanding the issues affecting this
blend of product and facility will provide the quickest reduction in bias in variation
in the estimation process.

The spreadsheet model is shown in Figure 6-16. Only the first five rows of
the data base are included. There are two intermediate calculations involved:
(1) the Savings Gap in cell E2 and (2) the moving range (mR) in cell I3, which is
the absolute value of the difference between consecutive Savings Gap values. This
local measure of variation is used to determine the control limits. Both cells are
copied down the worksheet.

There is also a set of summary calculations used to create the control chart
limits: the average Savings Gap in cell O2 (which is the center line on the chart),
the average moving range in cell O3, and a constant in cell O4 that is used to
determine the control limits. The UCL and LCL equations are in cells O5 and O6.
Readers interested in control charts are encouraged to consult suitable references
for the constants and equations used.

The next step is to have cells J2, K2, and L2 use absolute addressing to copy
the respective values from O2, O5, and O6. These cells are then copied down the
worksheet. To create the chart, select line plot and specify data ranges of E2:E41 for
the data, J2:J41 for the center line, K2:K41 for the UCL, and L2:L41 for the LCL.

Like any other process, estimation can be improved by comparing actual and
predicted results and then incorporating a variety of techniques to identify and
eliminate sources of bias and variation. Graphic methods work best in these initial
efforts.

6.10 Try Your Skills

The number in parentheses that follows each problem refers to the section
from which the problem is taken. Solutions to these problems can be found in
Appendix G.
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6-A. Four mutually exclusive alternatives are being evaluated, and their costs and
revenues are itemized below. (6.4)
a. If the MARR is 15% per year and the analysis period is 12 years, use the
PW method to determine which alternatives are economically acceptable
and which one should be selected.

b. If the total capital investment budget available is $200,000, which alter-
native should be selected?

c. Which rule (Section 6.2.2) applies? Why?

Mutually Exclusive Alternative

/ 1 1 v

Capital investment $100,000 $152,000 $184,000 $220,000
Annual revenues less expenses 15,200 31,900 35,900 41,500
Market value (end of useful life) 10,000 0 15,000 20,000
Useful life (years) 12 12 12 12

6-B. At the Motorola plant in Mesa, Arizona, it is desired to determine whether
one-inch-thick insulation or two-inch-thick insulation should be used to
reduce heat loss from a long section of steam pipe. The heat loss from this
pipe without any insulation would cost $2.00 per linear foot per year. The one-
inch insulation will eliminate 88% of the heat loss and will cost $0.60 per foot.
Two-inch insulation will eliminate 92% of the heat loss and will cost $1.10 per
foot. The steam pipe is 1,000 feet in length and will last for10 years. MARR =
6% per year. Which insulation thickness should be recommended? (6.4)

6-C. Your company is environmentally conscious and is looking at two heating
options for a new research building. What you know about each option is
below, and your company will use an annual interest rate of 8% for this
decision:

Gas Heating Option: The initial equipment and installment of the natural
gas system would cost $225,000 right now. The maintenance costs of the
equipment are expected to be $2,000 per year, starting next year, for each of
the next 20 years. The energy cost is expected to be $5,000, starting next year,
and is expected to rise by 5% per year for each of the next 20 years due to the
price of natural gas increasing.

Geothermal Heating Option: Because of green energy incentives provided
by the government, the geothermal equipment and installation is expected
to cost only $200,000 right now, which is cheaper than the gas lines. There
would be no energy cost with geothermal, but because this is a relatively
newer technology, the maintenance costs are expected to be $10,000 per year,
starting next year, for each of the next 20 years.

Which is the lower cost option for the company? (4.12 and 6.4)

6-D. A steam generator is needed in the design of a new power plant. This
generator can be fired by three different fuels, A, B, or C, with the following
cost implications.
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A B C
Installed investment cost $30,000 $55,000  $180,000
Annual fuel expense X + $7,500 X X — $1,500
Residual value None None None

If the study period is 20 years and the MARR is 8% per year, which type of
fuel is most economical? (6.4)

. Four mutually exclusive projects are being considered for a new two-mile

jogging track. The life of the track is expected to be 80 years, and the
sponsoring agency’s MARR is 12% per year. Annual benefits to the public
have been estimated by an advisory committee and are shown below. Use
the IRR method (incrementally) to select the best jogging track. (6.4)

Alternative A B C D
Initial cost $62,000 $52,000 $150,000 $55,000
Annual benefits $10,000 $8,000  $20,000  $9,000

Rate of return on investment 16.1% 15.4% 13.3% 16.4%

An industrial coal-fired boiler for process steam is equipped with a 10-year-
old electrostatic precipitator (ESP). Changes in coal quality have caused stack
emissions to be in noncompliance with federal standards for particulates. Two
mutually exclusive alternatives have been proposed to rectify this problem
(doing nothing is not an option).

New Baghouse New ESP

Capital investment $1,140,000 $992,500
Annual operating expenses 115,500 73,200

The life of both alternatives is 10 years, and the MARR is 15% per year. Use
the IRR method (incrementally) to make a recommendation regarding which
alternative to select. Can you list some nonmonetary factors that would favor
the new baghouse? (6.4)

. The local p