ENGINEERING
ECONOMY

Fifteenth Edition






ENGINEERING ECONOMY

FIFTEENTH EDITION

WILLIAM G. SULLIVAN ELIN M. WICKS C. PATRICK KOELLING

Virginia Polytechnic Institute Crowe Associates, L.L.P Rutgers University
and State University

Prentice Hall

Boston Columbus Indianapolis New York San Francisco Upper Saddle River
Amsterdam Cape Town Dubai London Madrid Milan Munich Paris Montreal Toronto
Delhi Mexico City SaoPaulo Sydney Hong Kong Seoul Singapore Taipei Tokyo



Vice President and Editorial Director, ECS: Marcia |. Horton
Vice-President, Production: Vince O’Brien
Executive Editor: Holly Stark

Editorial Assistant: Keri Rand

Director of Marketing: Margaret Waples
Executive Marketing Manager: Tim Galligan
Marketing Assistant: Mack Patterson

Senior Managing Editor: Scott Disanno
Production Project Manager: Clare Romeo
Manufacturing Manager: Nick Sklitsis
Operations Specialist: Lisa McDowell

Cover Designer: Kenny Beck

Art Director: Kenny Beck

Cover Photo: TK

Manager, Rights and Permissions: Beth Brenzel
Photo Researcher: Marta Samsel

Image Permission Coordinator: Karen Sanatar
Composition: TexTech International

Full-Service Project Management: Pavithra Jayapaul
Printer/Binder: Edwards Brothers

Typeface: 10/12 Palatino

Credits and acknowledgments borrowed from other sources and reproduced, with permission, in this textbook appear on

appropriate page within text.

Chapter opening photos: Chapter 1, Peter Steiner, Alamy Images; Chapter 2, Antony Nettle, Alamy Images; Chapter 3,
XenLights, Alamy Images; Chapter 4, Saul Loeb, Getty Images, Inc.; Chapter 5, Getty Images—Bloomberg; Chapter 6, Vicki
Beaver, Alamy Images; Chapter 7, Joe Sohm/Visions of America, Getty Images/Digital Vision; Chapter 8, Garry Gay, Alamy
Images; Chapter 9, Tom Pennington, Newscom; Chapter 10, Andrew Gunners, Getty Images/Digital Vision; Chapter 11, Karen
Givens, Shutterstock; Chapter 12, PricelessPhotos, Shutterstock; Chapter 13, George Diebold /Getty Images, Inc.; Chapter 14,

Ninette Maumus, Alamy Images.

Copyright © 2012, 2009, 2006, 2003, 1997 by Pearson Higher Education, Inc., Upper Saddle River, NJ 07458. All rights
reserved. Manufactured in the United States of America. This publication is protected by Copyright and permissions

should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in
any form or by any means, electronic, mechanical, photocopying, recording, or likewise. To obtain permission(s) to use
materials from this work, please submit a written request to Pearson Higher Education, Permissions Department, One Lake

Street, Upper Saddle River, NJ 07458.

Many of the designations by manufacturers and seller to distinguish their products are claimed as trademarks. Where those
designations appear in this book, and the publisher was aware of a trademark claim, the designations have been printed in

initial caps or all caps.

The author and publisher of this book have used their best efforts in preparing this book. These efforts include the
development, research, and testing of theories and programs to determine their effectiveness. The author and publisher make
no warranty of any kind, expressed or implied, with regard to these programs or the documentation contained in this book.
The author and publisher shall not be liable in any event for incidental or consequential damages with, or arising out of, the

furnishing, performance, or use of these programs.

Pearson Education Ltd., London

Pearson Education Singapore, Pte. Ltd.
Pearson Education Canada, Inc.

Pearson Education—Japan

Pearson Education Australia PTY, Limited

Library of Congress Cataloging-in-Publication Data
Sullivan, William G., 1942—

Pearson Education North Asia, Ltd., Hong Kong
Pearson Educacién de Mexico, S.A. de C.V.
Pearson Education Malaysia, Pte. Ltd.

Pearson Education, Upper Saddle River, New Jersey

Engineering economy / William G. Sullivan, Elin M. Wicks, C. Patrick Koelling. — 15th ed.

. cm

Includes bibliographical references (p. 651-653) and index.

ISBN-13: 978-0-13-255490-9
ISBN-10: 0-13-255490-9
1. Engineering economy.
TA177.4.585 2012
658.15—dc22

I. Wicks, Elin M.

Prentice Hall
is an imprint of

PEARSON

www.pearsonhighered.com

II. Koelling, C. Patrick, 1953-

III. Title.

2010037069

10 9 87 6 5 4 3 21
ISBN-13: 978-0-13-255490-9
ISBN-10: 0-13-255490-9



CONTENTS

Preface

xi
Green Content xviii
CHAPTER 1
Introduction to Engineering Economy 1
1.1 Introduction 2
1.2 The Principles of Engineering Economy 3
1.3 Engineering Economy and the Design Process 7
14 Using Spreadsheets in Engineering Economic Analysis 15
15 Summary 15
CHAPTER 2
Cost Concepts and Design Economics 20
2.1 Cost Terminology 21
22 The General Economic Environment 28
2.3 Cost-Driven Design Optimization 38
24 Present Economy Studies 43
2.5 Case Study—The Economics of Daytime Running Lights 49
2.6 Summary 51
Appendix 2-A  Accounting Fundamentals 59
CHAPTER 3
Cost-Estimation Techniques 67
3.1 Introduction 68
3.2 An Integrated Approach 70
3.3 Selected Estimating Techniques (Models) 78
3.4 Parametric Cost Estimating 83
3.5 Case Study—Demanufacturing of Computers 94
3.6 Summary 96



Vi CONTENTS

CHAPTER4
The Time Value of Money 103
4.1 Introduction 104
4.2 Simple Interest 105
4.3 Compound Interest 106
4.4 The Concept of Equivalence 106
4.5 Notation and Cash-Flow Diagrams and Tables 109
4.6 Relating Present and Future Equivalent Values
of Single Cash Flows 113
47 Relating a Uniform Series (Annuity) to Its Present
and Future Equivalent Values 119
48 Summary of Interest Formulas and Relationships
for Discrete Compounding 129
49 Deferred Annuities (Uniform Series) 131
410  Equivalence Calculations Involving Multiple
Interest Formulas 133
411  Uniform (Arithmetic) Gradient of Cash Flows 139
412  Geometric Sequences of Cash Flows 144
413  Interest Rates that Vary with Time 149
414  Nominal and Effective Interest Rates 151
415 Compounding More Often than Once per Year 153
416  Interest Formulas for Continuous Compounding
and Discrete Cash Flows 156
417  Case Study—Understanding Economic “Equivalence” 159
418  Summary 162
CHAPTER 5
Evaluating a Single Project 178
5.1 Introduction 179
52 Determining the Minimum Attractive Rate
of Return (MARR) 180
53 The Present Worth Method 181
5.4 The Future Worth Method 188
5.5 The Annual Worth Method 189
5.6 The Internal Rate of Return Method 194
5.7 The External Rate of Return Method 205
5.8 The Payback (Payout) Period Method 207
59 Case Study—A Proposed Capital Investment
to Improve Process Yield 209
510 Summary 211
Appendix 5-A  The Multiple Rate of Return Problem
with the IRR Method 222



CONTENTS Vil

CHAPTER 6
Comparison and Selection among Alternatives 226
6.1 Introduction 227
6.2 Basic Concepts for Comparing Alternatives 227
6.3 The Study (Analysis) Period 231
6.4 Useful Lives Are Equal to the Study Period 233
6.5 Useful Lives Are Unequal among the Alternatives 250
6.6 Personal Finances 263
6.7 Case Study—Ned and Larry’s Ice Cream Company 267
6.8 Postevaluation of Results 270
6.9 Summary 270
CHAPTER 7
Depreciation and Income Taxes 288
7.1 Introduction 289
7.2 Depreciation Concepts and Terminology 289
7.3 The Classical (Historical) Depreciation Methods 292
7.4 The Modified Accelerated Cost Recovery System 297
7.5 A Comprehensive Depreciation Example 304
7.6 Introduction to Income Taxes 308
7.7 The Effective (Marginal) Corporate
Income Tax Rate 311
7.8 Gain (Loss) on the Disposal of an Asset 314
7.9 General Procedure for Making
After-Tax Economic Analyses 315
7.10  Illustration of Computations of ATCFs 319
711  Economic Value Added 331
712 Summary 333
CHAPTER 8
Price Changes and Exchange Rates 344
8.1 Introduction 345
8.2 Terminology and Basic Concepts 346
8.3 Fixed and Responsive Annuities 352
8.4 Differential Price Changes 357
8.5 Spreadsheet Application 359
8.6 Foreign Exchange Rates and Purchasing
Power Concepts 361
8.7 Case Study—Selecting Electric Motors to Power
an Assembly Line 366
8.8 Summary 369



Vviii  ConTenTs

CHAPTER 9
Replacement Analysis 379
9.1 Introduction 380
9.2 Reasons for Replacement Analysis 380
9.3 Factors that Must Be Considered
in Replacement Studies 381
9.4 Typical Replacement Problems 384
9.5 Determining the Economic Life of a New
Asset (Challenger) 387
9.6 Determining the Economic Life of a Defender 391
9.7 Comparisons in Which the Defender’s Useful Life
Differs from that of the Challenger 394
9.8 Retirement without Replacement (Abandonment) 397
9.9 After-Tax Replacement Studies 398
9.10  Case Study—Replacement of a Hospital's Emergency
Electrical Supply System 406
911  Summary 409
CHAPTER 10
Evaluating Projects with the Benefit—Cost Ratio Method 419
10.1  Introduction 420
10.2  Perspective and Terminology for Analyzing
Public Projects 421
10.3  Self-Liquidating Projects 422
104  Multiple-Purpose Projects 422
10.5  Difficulties in Evaluating Public-Sector Projects 425
10.6  What Interest Rate Should Be Used for Public Projects? 426
10.7  The Benefit—Cost Ratio Method 428
10.8  Evaluating Independent Projects by B—C Ratios 434
10.9  Comparison of Mutually Exclusive Projects
by B—C Ratios 436
10.10 Case Study—Improving a Railroad Crossing 441
10.11  Summary 443
CHAPTER 11
Breakeven and Sensitivity Analysis 451
11.1  Introduction 452
11.2  Breakeven Analysis 452
11.3  Sensitivity Analysis 459
11.4  Multiple Factor Sensitivity Analysis 465
11.5  Summary 469



CONTENTS X

CHAPTER 12
Probabilistic Risk Analysis 478
121  Introduction 479
12.2 Sources of Uncertainty 480
12.3  The Distribution of Random Variables 480
124 Evaluation of Projects with Discrete Random Variables 484
12.5  Evaluation of Projects with Continuous
Random Variables 493
12.6  Evaluation of Risk and Uncertainty
by Monte Carlo Simulation 498
12.7  Performing Monte Carlo Simulation
with a Computer 502
12.8  Decision Trees 506
129  Real Options Analysis 511
12.10 Summary 514
CHAPTER 13
The Capital Budgeting Process 522
13.1  Introduction 523
13.2  Debt Capital 525
13.3  Equity Capital 526
134  The Weighted Average Cost of Capital (WACC) 529
13.5  Project Selection 533
13.6  Postmortem Review 537
13.7  Budgeting of Capital Investments
and Management Perspective 538
13.8  Leasing Decisions 539
13.9  Capital Allocation 541
13.10 Summary 547
CHAPTER 14
Decision Making Considering Multiattributes 551
141  Introduction 552
14.2  Examples of Multiattribute Decisions 552
14.3  Choice of Attributes 554
144  Selection of a Measurement Scale 554
14.5 Dimensionality of the Problem 555
14.6  Noncompensatory Models 555
14.7  Compensatory Models 560
14.8  Summary 568



X CONTENTS

Appendix A

Appendix B
Appendix C

Appendix D
Appendix E
Appendix F
Appendix G

Index

Using Excel to Solve Engineering Economy
Problems

Abbreviations and Notation

Interest and Annuity Tables for Discrete
Compounding

Interest and Annuity Tables for Continuous
Compounding

Standard Normal Distribution

Selected References

Answers to Selected Problems

574
591

595
614
618
621
624

628



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.

What's New to 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 fifteenth edition:

Xi
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PREFACE

%1.

Numerous green engineering examples and problems are new to this edition.
Many incorporate energy conservation in commonly experienced situations.
These elements pertain to engineering economy problems involving energy
conservation, materials substitution, recycling, and other green situations.
These green elements will be denoted with a vertical green rule and icon, as
shown here.

Tightly integrated hybrid media using videos of selected problems and
examples are featured to enhance problem solving and understanding. These
videos are keyed to material in the text with this icon B3, showing that this
resource can be accessed 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, and
students are encouraged to take advantage of their availability.

Over 200 new end-of-chapter problems have been added to this edition. Many
are personal interest and current events types of problems.

PowerPoint visual aids for instructors have been expanded and enhanced.

A few chapters have been abbreviated to promote more concise and readable
topical coverage.

Many new spreadsheet models of engineering economy problems have been
added to the fifteenth edition.

7. Answers to selected end-of-chapter problems are included in Appendix G.

We continue to support TestGen, which algorithmically generates a multitude
of test questions (and answers). This useful resource for instructors may be
accessed at www . pearsonhighered.com/sullivan.

Student resources include Pearson e-Text, a complete online version of the book
that includes highlighting, note taking, and search capabilities and access to the
Video Solutions files which accompany this text, as well as additional student
study resources. All end-of-chapter problems with this icon E3 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 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.
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As a textbook, the fifteenth 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.

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). Engi-
neering 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.

Supplements to the Book

The fifteenth edition of Engineering Economy is proud to offer adopting instruc-
tors TestGen, a test generator program with an algorithmic bank of questions.
The TestGen testbank consists of well-crafted assessment questions that are rep-
resentative of problems found throughout the textbook. Instructors can regenerate
algorithmically generated variables within each problem to offer students a
virtually unlimited number of paper or online assessments. Additionally, ins-
tructors can view, select, and edit testbank questions or create their own questions.
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.

A series of approximately 75 video tutorials is available to students who desire
extra explanation of selected examples and end-of-chapter problems in the book.
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PREFACE XV

Engineering 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
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.

e Includea photo 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.
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PREFACE

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
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
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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 for their
many helpful suggestions (and critiques!) for this fifteenth edition of Engineering
Economy. We owe a special debt of gratitude to Richard Bernhard (North
Carolina State University), Karen M. Bursic (University of Pittsburgh), J. Kent
Butler (California Polytechnic State University), Thomas Cassel (University of
Pennsylvania), Linda Chattin (Arizona State University), Michael Duffey (George
Washington University), Thomas Keyser (Western New England College), and
Lizabeth Schlemer (Cal Poly, San Luis Obispo).
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