


Format for Spreadsheet Functions on Excel®

Present worth:		  Contents of ( )

	 = PV(i%, n, A, F)	 for constant A series; single F value

	 = NPV(i%,second_cell:last_cell) + first_cell	 for varying cash fow series

Future worth:

	 = FV(i%, n, A, P)	 for constant A series; single P value

Annual worth:

	 = PMT(i%,  n, P,  F)	 for single amounts with no A series

	 = PMT(i%, n, NPV)	 to fnd AW from NPV; embed NPV function

Number of periods (years):

	 = NPER(i%,  A, P, F)	 for constant A series; single P and F

(Note: The PV, FV, and PMT functions change the sense of the sign. Place a minus in front of the 
function to retain the same sign.)

Rate of return:

	 = RATE(n, A, P, F)	 for constant A series; single P and F

	 = IRR(first_cell:last_cell)	 for varying cash fow series

Interest rate:

	 = EFFECT(r%,  m)	 for nominal r, compounded m times per period

	 = NOMINAL(i%,  m)	� for efective annual i, compounded m times 
per year

Depreciation:

	 = SLN(P, S, n)	 straight line depreciation for each period

	 = DDB(P, S, n, t, d)	� double declining balance depreciation for  
period t at rate d (optional)

	 = DB(P,S,n,t)	 declining balance, rate determined by the  
		  function

	 = �VBD(P,0, n,MAX(0, t−1.5),	 MACRS depreciation for year t at rate d for  
MIN(n, t−0.5), d)	 DDB or DB method

Logical IF function:

	 = IF(logical_test,value_if_true,value_if_false)	 for logical two-branch operations
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Relations for Discrete Cash Flows with End-of-Period Compounding

Single 
Amount

Uniform 
Series

Arithmetic 
Gradient

Geometric 
Gradient

F⧸P
Compound
amount

P⧸F
Present
worth

P⧸A
Present
worth

A⧸P
Capital
recovery

F⧸A
Compound
amount

A⧸F
Sinking
fund

PG⧸G
Present
worth

AG⧸G
Uniform 
series

Pg⧸A1 and g
Present
worth

(F⧸P,i,n) = (1 + i)n	 F = P(F⧸P,i,n)

(P⧸F,i,n) = ​  1 ——— (1+i)n ​	 P = F(P⧸F,i,n)

		  (Sec. 2.1)

(P⧸A,i,n) = ​ (1 + i)n −1 ————— i(1 + i)n ​ 	 P = A(P⧸A,i,n)

(A⧸P,i,n) = ​  i(1 + i)n
 ————— (1 + i)n −1 ​	 A = P(A⧸P,i,n)

		  (Sec. 2.2)

(F⧸A,i,n) = ​ (1 + i)n −1 ————— i ​ 	 F = A(F⧸A,i,n)

(A⧸F,i,n) = ​  i ————— (1 + i)n − 1 ​	 A = F(A⧸F,i,n)

		  (Sec. 2.3)

(P⧸G,i,n) = ​ (1 + i)n − in − 1  ——————— 
i2(1 + i)n ​ 	 PG = G(P⧸G,i,n)

(A⧸G,i,n) = ​ 1 — i ​ − ​  n ———————  (1 + i)n − 1 ​	 AG = G(A⧸G,i,n)

(Gradient only)	 (Sec. 2.5)

Pg = { ​ 
A1​[ 1 − ​​( ​ 1 + g ——— 1 + i ​ )​​

n

​ ]​
  ——————— i − g ​	  g≠i

A1 ​ 
n ——— 1 + i ​	 g = i

(Gradient and base A1)	 (Sec. 2.6)

			   Factor Notation		  Sample Cash Flow
	 Type	 Find/Given	 and Formula	 Relation	 Diagram

F

n
…

P

0 1 2 n–1

AAAA

nn–1 

…

…

P

0

1 2

F

AA

n
…

…

0 1 2

AA

n–1

PG

2GG
n

AGAG AG AG AG

…

…

0 1 2 3

(n–1) G

…

Pg

nn–1
…

0
1 2

…A1
A1(1+g)

A1(1+g)n–1
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This new edition includes the time-tested approach and topics of previous editions and introduces 
signifcantly new print and electronic features useful to learning about and successfully applying 
the exciting feld of engineering economics. Money makes a huge diference in the life of a cor-
poration, an individual, and a government. Learning to understand, analyze, and manage the 
money side of any project is vital to its success. To be professionally successful, every engineer 
must be able to deal with the time value of money, economic facts, infation, cost estimation, tax 
considerations, as well as spreadsheet and calculator use. This book is a great help to the learner 
and the instructor in accomplishing these goals by using easy-to-understand language, simple 
graphics, and online features.

What's New and What's Best 
This eighth edition has new digital features and retains the time-tested features that make the 
book reliable and easy to use. Plus the supporting online materials are updated to enhance the 
teaching and learning experience.

Exciting new features in print:
•	 All new end-of-chapter problems
•	 �Expanded questions for either review or preparation for the Fundamentals of Engineering  

(FE) Exam

Valuable new features in digital content:
•	 McGraw-Hill Connect
  •	 Online video presentations with closed captioning to serve as learning support tools
  •	 �Algorithmic end-of chapter problems that present a new set of parameters and estimates 

every time the problem is opened
  •	 SmartBook, an adaptive reading experience

Familiar features retained in this edition:
•	 Easy-to-read language
•	 End-of-chapter case studies
•	 Ethical considerations in economic analyses
•	 Progressive examples for improved understanding of concepts
•	 Hand and spreadsheet example solutions
•	 Spreadsheet solutions with on-image comments and Excel® functions
•	 Vital concepts and guidelines located in margins and appendix
•	 Flexible chapter ordering

How to Use This Text 
This textbook is best suited for a one-semester or one-quarter undergraduate course. Students 
should be at the sophomore level or above with a basic understanding of engineering concepts 
and terminology. A course in calculus is not necessary; however, knowledge of the concepts in 
advanced mathematics and elementary probability will make the topics more meaningful. 
	 Practitioners and professional engineers who need a refresher in economic analysis and 
cost estimation will fnd this book very useful as a reference document as well as a learning 
medium.

Chapter Organization and Coverage Options 
The textbook contains 19 chapters arranged into four learning stages, as indicated in the flowchart 
on the next page, and fve appendices. Each chapter starts with a statement of purpose and spe-
cifc learning outcomes for each section. Chapters include a summary, numerous end-of-chapter 

PREFACE TO EIGHTH EDITION
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problems (essay and numerical), multiple-choice problems useful for course review and FE Exam 
preparation, and a case study.

The appendices are important elements of learning for this text:

Appendix A  Using Spreadsheets and Microsoft Excel®

Appendix B  Basics of Accounting reports and business ratios
Appendix C  Code of Ethics for Engineers (from NSPE)
Appendix D  Alternate methods for equivalence calculations
Appendix E  Glossary of concepts and terms

There is considerable fexibility in the sequencing of topics and chapters once the frst six chap-
ters are covered, as shown in the progression graphic on the next page. If the course is designed to 
emphasize sensitivity and risk analysis, Chapters 18 and 19 can be covered immediately after 

	 Preface to Eighth Edition� xv
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Combining Factors and
Spreadsheet Functions

Chapter 16
Depreciation 

Methods

Chapter 9
Benefit/Cost Analysis

and Public Sector
Economics

CHAPTERS IN EACH LEARNING STAGE
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xvi	 Chapter Organization and Coverage Options	

Learning Stage 2 (Chapter 9) is completed. If depreciation and tax emphasis are vitally important 
to the goals of the course, Chapters 16 and 17 can be covered once Chapter 6 (annual worth) is 
completed. The progression graphic can help in the design of the course content and topic ordering.

Resources for Instructors and Students 

LEARNING OUTCOMES:
•	 �Each chapter begins with a purpose, list of topics, and learning outcomes (ABET style) for 

each corresponding section. This behavioral-based approach sensitizes the reader to what is 
ahead, leading to improved understanding and learning.

 CONCEPTS AND GUIDELINES:
•	 �To highlight the fundamental building blocks of the course, a checkmark and title in the mar-

gin call attention to particularly important concepts and decision-making guidelines. Appen-
dix E includes a brief description of each fundamental concept.

IN-CHAPTER EXAMPLES:
•	 �Numerous in-chapter examples throughout the book reinforce the basic concepts and make 

understanding easier. In many cases, the example is solved using separately marked hand and 
spreadsheet solutions.

Topics may be introduced at the point indicated or any point thereafter
(Alternative entry points are indicated by             )

Numerical progression
through chapters

Foundations
Factors
More Factors
Nominal and Effective i
Present Worth
Annual Worth

Rate of Return
More ROR
Benefit/Cost

Financing and
Noneconomic Attributes
Replacement
Capital Budgeting
Breakeven and
Payback

Inflation

1.
2.
3.
4.
5.
6.

7.
8.
9.

10.

11.
12.
13.

14. Inflation

Cost
Estimation

15. Estimation

Sensitivity, Staged
Decisions, and Risk

18. Sensitivity, Decision
 Trees, and Real Options

19. Risk and Simulation

Taxes and
Depreciation

16. Depreciation
17. After-Tax

CHAPTER AND TOPIC PROGRESSION OPTIONS
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	 Digital Resources	 xvii

PE  PROGRESSIVE EXAMPLES:
•	 �Several chapters include a progressive example—a more detailed problem statement intro-

duced at the beginning of the chapter and expanded upon throughout the chapter in specially 
marked examples. This approach illustrates diferent techniques and some increasingly com-
plex aspects of a real-world problem.

 ONLINE PRESENTATIONS:
•	 �An icon in the margin indicates the availability of an animated voice-over slide presentation 

that summarizes the material in the section and provides a brief example for learners who need 
a review or prefer video-based materials. Presentations are keyed to the sections of the text.

SPREADSHEETS:
•	 �The text integrates spreadsheets to show how easy they are to use in solving virtually any type 

of engineering economic analysis problem. Cell tags or full cells detail built-in functions and 
relations developed to solve a specifc problem.

FE EXAM AND COURSE REVIEWS:
•	 �Each chapter concludes with several multiple-choice, FE Exam–style problems that provide a 

simplifed review of chapter material. Additionally, these problems cover topics for test re-
views and homework assignments.

Digital Resources 

ALGORITHMIC END-OF-CHAPTER PROBLEMS:
•	 �Available through the online homework platform Connect, algorithmic end-of-chapter prob-

lems can be assigned for homework, practice, exams, or quizzes. Problems include algorithmi-
cally generated values so that each student receives diferent numbers, while responses are 
auto-graded to provide immediate feedback to the student.

SMARTBOOK:
•	 �Also available through Connect is SmartBook which contains the same content within the 

print book, but actively tailors that content to the needs of the individual. SmartBook’s adap-
tive technology provides precise, personalized instruction on what the student should do next, 
guiding the student to master and remember key concepts, targeting gaps in knowledge and 
ofering customized feedback to drive the student toward comprehension and retention of the 
subject matter.
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L E A R N I N G  S T A G E  1

The Fundamentals

chapter 1
Foundations of 
Engineering Economy

chapter 2
Factors: How Time 
and Interest Affect 
Money

chapter 3
Combining Factors 
and Spreadsheet 
Functions

chapter 4
Nominal and Effective 
Interest Rates

LEARNING STAGE 1
The Fundamentals T he fundamentals of engineering economy are introduced in 

these chapters. When you have completed stage 1, you will 
be able to understand and work problems that account for 

the time value of money, cash flows occurring at different times 
with different amounts, and equivalence at different interest rates. 
The techniques you master here form the basis of how an engineer 
in any discipline can take economic value into account in virtually 
any project environment.

The factors commonly used in all engineering economy com-
putations are introduced and applied here. Combinations of these 
factors assist in moving monetary values forward and backward 
through time and at different interest rates. Also, after these 
chapters, you should be comfortable using many of the spread-
sheet functions.

Many of the terms common to economic decision making are 
introduced in learning stage 1 and used in later chapters. A check-
mark icon in the margin indicates that a new concept or guideline 
is introduced at this point.
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 1 Foundations 

of Engineering 
Economy

Purpose: Understand and apply fundamental concepts and use the terminology of engineering economics.

L E A R N I N G  O U T C O M E S

Malcolm Fife/age fotostock

S E C T I O N T O P I C  L E A R N I N G  O U T C O M E

1.1 Description and role •	� Define engineering economics and the time value 
of money; identify areas of application.

1.2 Engineering economy study  
approach

•	� Understand and identify the steps in an 
engineering economy study.

1.3 Ethics and economics •	� Identify areas in which economic decisions can 
present questionable ethics.

1.4 Interest rate •	� Perform calculations for interest rates and rates  
of return.

1.5 Terms and symbols •	� Identify and use engineering economic terminology 
and symbols.

1.6 Cash flows •	� Understand cash flows and how to graphically 
represent them.

1.7 Economic equivalence •	� Describe and calculate economic equivalence.

1.8 Simple and compound interest •	� Calculate simple and compound interest amounts 
for one or more time periods.

1.9 MARR and opportunity cost •	� State the meaning and role of Minimum Attractive 
Rate of Return (MARR) and opportunity costs.

1.10 Spreadsheet functions •	� Identify and use some Excel© functions commonly 
applied in engineering economics.
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he need for engineering economy is primarily motivated by the work that engineers 
do in performing analyses, synthesizing, and coming to a conclusion as they work on 
projects of all sizes. In other words, engineering economy is at the heart of making 

decisions. These decisions involve the fundamental elements of cash flows of money, time, and 
interest rates. This chapter introduces the basic concepts and terminology necessary for an engi-
neer to combine these three essential elements in organized, mathematically correct ways to solve 
problems that will lead to better decisions.

1.1 �Why Engineering Economy and the Time Value  
of Money are Important 

Decisions are made routinely to choose one alternative over another by engineers on the job; by 
managers who supervise the activities of others; by corporate presidents who operate a business; 
and by government ofcials who work for the public good. Most decisions involve money, called 
capital or capital funds, which is usually limited in amount. The decision of where and how to 
invest this limited capital is motivated by a primary goal of adding value as future, anticipated 
results of the selected alternative are realized. Engineers play a vital role in capital investment 
decisions based upon their ability and experience to design, analyze, and synthesize. The factors 
upon which a decision is based are commonly a combination of economic and noneconomic ele-
ments. Engineering economy deals with the economic factors. By defnition,

Engineering economy involves formulating, estimating, and evaluating the expected economic 
outcomes of alternatives designed to accomplish a defned purpose. Mathematical techniques 
simplify the economic evaluation of alternatives.

Because the formulas and techniques used in engineering economics are applicable to all 
types of money matters, they are equally useful in business and government, as well as for 
individuals. Therefore, besides applications to projects in your future jobs, what you learn 
from this book and in this course may well ofer you an economic analysis tool for making 
personal decisions such as car purchases, house purchases, and purchases on credit for enjoy-
ment, e.g., electronics, games, drones, vacations, etc.

To be fnancially literate is very important as an engineer and as a person. Unfortunately many 
people do not have the fundamental understanding of concepts such as fnancial risk and diversifca-
tion, infation, numeracy, and compound interest. You will learn and apply these basic concepts, and 
more, through the study of engineering economy. A comprehensive Standard & Poors1 study reported 
in 2015 evaluated the fnancial literacy of people worldwide using the survey results of more than 
150,000 people interviewed in 148 countries. Results indicated that worldwide only one out of three 
adults are able to answer correctly three out of four simple questions that indicate an understanding in 
the areas mentioned above—infation, compound interest, risk, and diversifcation. Scandinavian 
countries (e.g., Denmark, Norway, and Sweden), plus Germany, Canada, and the United Kingdom 
have acceptably good scores (67% to 71% fnancial literacy), the United States is mediocre at 57% 
(14th worldwide), while countries such as Cambodia, Armenia, and Haiti are low (15% to 18%). An 
obvious conclusion is that a college graduate in engineering anywhere in the world must be fnancially 
literate to responsibly and successfully function in his or her professional and personal activities.

Other terms that mean the same as engineering economy are engineering economic analysis, 
capital allocation study, economic analysis, and similar descriptors.

People make decisions; computers, mathematics, concepts, and guidelines assist people in 
their decision-making process. Since most decisions afect what will be done, the time frame of 
engineering economy is primarily the future. Therefore, the numbers used in engineering econ-
omy are best estimates of what is expected to occur. The estimates and the decision usually 
involve four essential elements:

Cash flows 
Times of occurrence of cash flows
Interest rates for time value of money
Measure of worth for selecting an alternative

T

1Klapper, L., Lusardi, A., and van Oudheusden, P. “Financial Literacy around the World: Insights from the Standard & 
Poor’s Ratings Services Global Financial Literacy Survey”, 2015, Standards & Poors, and Gallup World Poll. (accessed 
December 2015). http://www.fnlit.mhf.com.
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4	 Chapter 1� Foundations of Engineering Economy

Since the estimates of cash fow amounts and timing are about the future, they will be some-
what diferent than what is actually observed, due to changing circumstances and unplanned 
events. In short, the variation between an amount or time estimated now and that observed in 
the future is caused by the stochastic (random) nature of all economic events. Sensitivity 
analysis is utilized to determine how a decision might change according to varying esti-
mates, especially those expected to vary widely.

The criterion used to select an alternative in engineering economy for a specifc set of estimates 
is called a measure of worth. The measures developed and used in this text are

Present worth (PW) Future worth (FW) Annual worth (AW)
Rate of return (ROR) Beneft/cost (B/C) Capitalized cost (CC)
Payback period Proftability index Economic value added (EVA)

All these measures of worth account for the fact that money makes money over time. This is the 
concept of the time value of money.

It is a well-known fact that money makes money. The time value of money explains the change 
in the amount of money over time for funds that are owned (invested) or owed (borrowed). 
This is the most important concept in engineering economy.

	 The time value of money is very obvious in the world of economics. If we decide to invest 
capital (money) in a project today, we inherently expect to have more money in the future than we 
invested. If we borrow money today, in one form or another, we expect to return the original 
amount plus some additional amount of money. An engineering economic analysis can be per-
formed on future estimated amounts or on past cash fows to determine if a specifc measure of 
worth, e.g., rate of return, was achieved.

Engineering economics is applied in an extremely wide variety of situations. Samples are:

Time value of money

•	 Equipment purchases and leases
•	 Chemical processes
•	 Cyber security
•	 Construction projects
•	 Airport design and operations
•	 Sales and marketing projects
•	 Transportation systems of all types
•	 Product design

•	 Wireless and remote communication and 
control

•	 Manufacturing processes
•	 Safety systems
•	 Hospital and healthcare operations
•	 Quality assurance
•	 Government services for residents and 

businesses

EXAMPLE 1.1
Cyber security is an increasingly costly dimension of doing business for many retailers and 
their customers who use credit and debit cards. A 2014 data breach of U.S.-based Home Depot 
involved some 56 million cardholders. Just to investigate and cover the immediate direct costs 
of this identity theft amounted to an estimated $62,000,000, of which $27,000,000 was recov-
ered by insurance company payments. This does not include indirect costs, such as, lost future 
business, costs to banks, and cost to replace cards. If a cyber security vendor had proposed in 
2006 that a $10,000,000 investment in a malware detection system could guard the company’s 
computer and payment systems from such a breach, would it have kept up with the rate of infa-
tion estimated at 4% per year?

Solution
As a result of this data breach, Home Depot experienced a direct out-of-pocket cost of 
$35,000,000 after insurance payments. In this chapter and in Chapter 2, you will learn how to 

In short, any activity that has money associated with it—which is just about everything—is a 
reasonable topic for an engineering economy study.
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1.2	  Performing an Engineering Economy Study 	 5

1.2 Performing an Engineering Economy Study 
An engineering economy study involves many elements: problem identifcation, defnition of the 
objective, cash fow estimation, fnancial analysis, and decision making. Implementing a struc-
tured procedure is the best approach to select the best solution to the problem.

	 The steps in an engineering economy study are as follows:

1.	 Identify and understand the problem; identify the objective of the project.
2.	 Collect relevant, available data and defne viable solution alternatives.
3.	 Make realistic cash fow estimates.
4.	 Identify an economic measure of worth criterion for decision making.
5.	 Evaluate each alternative; consider noneconomic factors; use sensitivity analysis as needed.
6.	 Select the best alternative.

	 7.	 Implement the solution and monitor the results.

Technically, the last step is not part of the economy study, but it is, of course, a step needed 
to meet the project objective. There may be occasions when the best economic alternative re-
quires more capital funds than are available, or signifcant noneconomic factors preclude the 
most economic alternative from being chosen. Accordingly, steps 5 and 6 may result in selec-
tion of an alternative diferent from the economically best one. Also, sometimes more than one 
project may be selected and implemented. This occurs when projects are independent of one 
another. In this case, steps 5 through 7 vary from those above. Figure 1–1 illustrates the steps 
above for one alternative. Descriptions of several of the elements in the steps are important to 
understand.

Problem Description and Objective Statement    A succinct statement of the problem and 
primary objective(s) is very important to the formation of an alternative solution. As an illustra-
tion, assume the problem is that a coal-fueled power plant must be shut down by 2025 due to the 
production of excessive sulfur dioxide. The objectives may be to generate the forecasted electricity 
needed for 2025 and beyond, plus to not exceed all the projected emission allowances in these 
future years.

Alternatives    These are stand-alone descriptions of viable solutions to problems that can meet 
the objectives. Words, pictures, graphs, equipment and service descriptions, simulations, etc. 
defne each alternative. The best estimates for parameters are also part of the alternative. Some 
parameters include equipment frst cost, expected life, salvage value (estimated trade-in, resale, 
or market value), and annual operating cost (AOC), which can also be termed maintenance and 
operating (M&O) cost, and subcontract cost for specifc services. If changes in income (revenue) 
may occur, this parameter must be estimated.

Detailing all viable alternatives at this stage is crucial. For example, if two alternatives are 
described and analyzed, one will likely be selected and implementation initiated. If a third, more 
attractive method that was available is later recognized, a wrong decision was made.

determine the future equivalent of money at a specifc rate. In this case, the estimate of 
$10,000,000 after 8 years (from 2006 to 2014) at an infation rate of 4% is equivalent to 
$13,686,000. 

The 2014 equivalent cost of $13.686 million is signifcantly less than the out-of-pocket loss 
of $35 million. The conclusion is that the company should have spent $10 million in 2006. 
Besides, there may be future breaches that the installed system will detect and eliminate.

This is an extremely simple analysis; yet, it demonstrates that at a very elementary level, it 
is possible to determine whether an expenditure at one point in time is economically worth-
while at some time in the future. In this situation, we validated that a previous expenditure 
(malware detection system) should have been made to overcome an unexpected expenditure 
(cost of the data breach) at a current time, 2014 here.
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6	 Chapter 1� Foundations of Engineering Economy

Cash Flows    All cash fows are estimated for each alternative. Since these are future expendi-
tures and revenues, the results of step 3 usually prove to be inaccurate when an alternative is actu-
ally in place and operating. When cash fow estimates for specifc parameters are expected to vary 
signifcantly from a point estimate made now, risk and sensitivity analyses (step 5) are needed to 
improve the chances of selecting the best alternative. Sizable variation is usually expected in es-
timates of revenues, AOC, salvage values, and subcontractor costs. Estimation of costs is dis-
cussed in Chapter 15, and the elements of variation (risk) and sensitivity analysis are included 
throughout the text.

Engineering Economy Analysis    The techniques and computations that you will learn and 
use throughout this text utilize the cash fow estimates, time value of money, and a selected 
measure of worth. The result of the analysis will be one or more numerical values; this can be 
in one of several terms, such as money, an interest rate, number of years, or a probability. In the 
end, a specifc measure of worth mentioned in the previous section will be used to select the 
best alternative.

Before an economic analysis technique is applied to the cash fows, some decisions about what 
to include in the analysis must be made. Two important possibilities are taxes and infation. Federal, 
state or provincial, county, and city taxes will impact the costs of every alternative. An after-tax  

Step in
study

1

Expected life
Revenues
Costs
Taxes
Project financing

PW, ROR, B/C, etc.

New engineering
economy study

begins

5

3

7

6

1

Time
passes

2

4

Problem
description

Objective
statement

Measure of worth
criterion

Engineering
economic analysis

Best alternative
selection

Implementation
and monitoring

New problem
description

Cash flows and
other estimates

Available data

Alternatives for
solution

One or more approaches
to meet objective

Consider:
• Noneconomic factors
• Sensitivity analysis
• Risk analysis

Figure 1–1 
Steps in an engineering economy study.
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1.3	  Professional Ethics and Economic Decisions 	 7

analysis includes some additional estimates and methods compared to a before-tax analysis. If taxes 
and infation are expected to impact all alternatives equally, they may be disregarded in the analysis. 
However, if the size of these projected costs is important, taxes and infation should be considered. 
Also, if the impact of infation over time is important to the decision, an additional set of computa-
tions must be added to the analysis; Chapter 14 covers the details.

Selection of the Best Alternative    The measure of worth is a primary basis for selecting 
the best economic alternative. For example, if alternative A has a rate of return (ROR) of 
15.2% per year and alternative B will result in an ROR of 16.9% per year, B is better economi-
cally. However, there can always be noneconomic or intangible factors that must be consid-
ered and that may alter the decision. There are many possible noneconomic factors; some 
typical ones are:
•	 Market pressures, such as need for an increased international presence
•	 Availability of certain resources, e.g., skilled labor force, water, power, tax incentives
•	 Government laws that dictate safety, environmental, legal, or other aspects
•	 Corporate management’s or the board of director’s interest in a particular alternative
•	 Goodwill ofered by an alternative toward a group, for example, employees, union, county, etc.

As indicated in Figure 1–1, once all the economic, noneconomic, and risk factors have been 
evaluated, a fnal decision of the “best” alternative is made.

At times, only one viable alternative is identifed. In this case, the do-nothing (DN) alternative 
must be included in the evaluation and may be chosen provided the measure of worth and other factors 
result in the alternative being a poor choice. The do-nothing alternative maintains the status quo.

Whether we are aware of it or not, we use criteria every day to choose between alternatives. 
For example, when you drive to campus or work, you decide to take the “best” route. But how did 
you defne best? Was the best route the safest, shortest, fastest, cheapest, most scenic, or what? 
Obviously, depending upon which criterion or combination of criteria is used to identify the best, 
a diferent route might be selected each time. In economic analysis, financial units (dollars or 
other currency) are generally used as the tangible basis for evaluation. Thus, when there are 
several ways of accomplishing a stated objective, the alternative with the lowest overall cost or 
highest overall net income is selected.

1.3 Professional Ethics and Economic Decisions 
Many of the fundamentals of engineering ethics are intertwined with the roles of money and 
economic-based decisions in the making of professionally ethical judgments. Some of these inte-
gral connections are discussed here, plus sections in later chapters discuss additional aspects of 
ethics and economics. For example, Chapter 9, Beneft/Cost Analysis and Public Sector Econom-
ics, includes material on the ethics of public project contracts and public policy. Although it is 
very limited in scope and space, it is anticipated that this coverage of the important role of eco-
nomics in engineering ethics will prompt further interest on the part of students and instructors 
of engineering economy.
	 The terms morals and ethics are commonly used interchangeably, yet they have slightly 
diferent interpretations. Morals usually relate to the underlying tenets that form the character 
and conduct of a person in judging right and wrong. Ethical practices can be evaluated by 
using a code of morals or code of ethics that forms the standards to guide decisions and 
actions of individuals and organizations in a profession, for example, electrical, chemical, 
mechanical, industrial, or civil engineering. There are several diferent levels and types of 
morals and ethics.

Universal or common morals  These are fundamental moral beliefs held by virtually all peo-
ple. Most people agree that to steal, murder, lie, or physically harm someone is wrong.

It is possible for actions and intentions to come into confict concerning a common moral. 
Consider the World Trade Center buildings in New York City. After their collapse on September 11, 
2001, it was apparent that the design was not sufcient to withstand the heat generated by the 
frestorm caused by the impact of an aircraft. The structural engineers who worked on the design 
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8	 Chapter 1� Foundations of Engineering Economy

surely did not have the intent to harm or kill occupants in the buildings. However, their design 
actions did not foresee this outcome as a measurable possibility. Did they violate the common 
moral belief of not doing harm to others or murdering?

Individual or personal morals  These are the moral beliefs that a person has and maintains 
over time. These usually parallel the common morals in that stealing, lying, murdering, etc. are 
immoral acts.

It is quite possible that an individual strongly supports the common morals and has excellent 
personal morals, but these may confict from time to time when decisions must be made. Con-
sider the engineering student who genuinely believes that cheating is wrong. If he or she does not 
know how to work some test problems, but must make a certain minimum grade on the fnal exam 
to graduate, the decision to cheat or not on the fnal exam is an exercise in following or violating 
a personal moral.

Professional or engineering ethics  Professionals in a specifc discipline are guided in their 
decision making and performance of work activities by a formal standard or code. The code 
states the commonly accepted standards of honesty and integrity that each individual is expected 
to demonstrate in her or his practice. There are codes of ethics for medical doctors, attorneys, and, 
of course, engineers.

Although each engineering profession has its own code of ethics, the Code of Ethics for 
Engineers published by the National Society of Professional Engineers (NSPE) is very commonly 
used and quoted. This code, reprinted in its entirety in Appendix C, includes numerous sections 
that have direct or indirect economic and fnancial impact upon the designs, actions, and decisions 
that engineers make in their professional dealings. Here are three examples from the Code:

“Engineers, in the fulfllment of their duties, shall hold paramount the safety, health, and wel-
fare of the public.” (section I.1)
“Engineers shall not accept financial or other considerations, including free engineering de-
signs, from material or equipment suppliers for specifying their product.” (section III.5.a)
“Engineers using designs supplied by a client recognize that the designs remain the property 
of the client and may not be duplicated by the engineer for others without express permission.” 
(section III.9.b)
As with common and personal morals, conficts can easily rise in the mind of an engineer be-

tween his or her own ethics and that of the employing corporation. Consider a manufacturing 
engineer who has recently come to frmly disagree morally with war and its negative efects on 
human beings. Suppose the engineer has worked for years in a military defense contractor’s facil-
ity and does the detailed cost estimations and economic evaluations of producing fghter jets for 
the Air Force. The Code of Ethics for Engineers is silent on the ethics of producing and using war 
materiel. Although the employer and the engineer are not violating any ethics code, the engineer, 
as an individual, is stressed in this position. Like many people during a declining national econ-
omy, retention of this job is of paramount importance to the family and the engineer. Conficts 
such as this can place individuals in real dilemmas with no or mostly unsatisfactory alternatives.

At frst thought, it may not be apparent how activities related to engineering economics may 
present an ethical challenge to an individual, a company, or a public servant in government ser-
vice. Many money-related situations, such as those that follow, can have ethical dimensions.

In the design stage:
•	 Safety factors are compromised to ensure that a price bid comes in as low as possible.
•	 Family or personal connections with individuals in a company ofer unfair or insider informa-

tion that allows costs to be cut in strategic areas of a project.
•	 A potential vendor ofers specifcations for company-specifc equipment, and the design engi-

neer does not have sufcient time to determine if this equipment will meet the needs of the 
project being designed and costed.

During the construction or implementation phase:
•	 Price materials and equipment from a high-quality, reputable vendor, but actually purchase the 

items from an inferior, cheaper supplier.
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1.3	  Professional Ethics and Economic Decisions 	 9

•	 Construct with below-standard or sub-code materials when detection is difcult. (For exam-
ple, in locations where water is sourced from desalination, use mixing water that is not com-
pletely desalinated for structural concrete, which will accelerate corrosion of imbedded steel.)

While the system is operating:
•	 Delayed or below-standard maintenance can be performed to save money when cost overruns 

exist in other segments of a project.
•	 Opportunities to purchase cheaper repair parts can save money for a subcontractor working on 

a fxed-price contract.
•	 Safety margins are compromised because of cost, personal inconvenience to workers, tight 

time schedules, etc.

A good example of the last item—safety is compromised while operating the system—is the 
situation that arose in 1984 in Bhopal, India (Martin and Schinzinger 2005, pp. 245–8). A Union 
Carbide plant manufacturing the highly toxic pesticide chemical methyl isocyanate (MIC) expe-
rienced a large gas leak from high-pressure tanks. Some 500,000 persons were exposed to inhala-
tion of this deadly gas that burns moist parts of the body. There were 2500 to 3000 deaths within 
days, and over the following 10-year period, some 12,000 death claims and 870,000 personal 
injury claims were recorded. Although Union Carbide owned the facility, the Indian government 
had only Indian workers in the plant. Safety practices clearly eroded due to cost-cutting measures, 
insufcient repair parts, and reduction in personnel to save salary money. However, one of the 
surprising practices that caused unnecessary harm to workers was the fact that masks, gloves, and 
other protective gear were not worn by workers in close proximity to the tanks containing MIC. 
Why? Unlike plants in the United States and other countries, there was no air conditioning in the 
Indian plant, resulting in high ambient temperatures in the facility.

Many ethical questions arise when corporations operate in international settings where the 
corporate rules, worker incentives, cultural practices, and costs in the home country difer from 
those in the host country. Often these ethical dilemmas are fundamentally based in the economics 
that provide cheaper labor, reduced raw material costs, less government oversight, and a host of 
other cost-reducing factors. When an engineering economy study is performed, it is important for 
the engineer performing the study to consider all ethically related matters to ensure that the cost 
and revenue estimates refect what is likely to happen once the project or system is operating.

It is important to understand that the translation from universal morals to personal morals and 
professional ethics does vary from one culture and country to another. As an example, consider the 
common belief (universal moral) that the awarding of contracts and fnancial arrangements for ser-
vices to be performed (for government or business) should be accomplished in a fair and transparent 
fashion. In some societies and cultures, corruption in the process of contract making is common and 
often “overlooked” by the local authorities, who may also be involved in the afairs. Are these im-
moral or unethical practices? Most would say, “Yes, this should not be allowed. Find and punish the 
individuals involved.” Yet, such practices do continue, thus indicating the diferences in interpreta-
tion of common morals as they are translated into the ethics of individuals and professionals.

EXAMPLE 1.2
Jamie is an engineer employed by Burris, a United States–based company that develops sub-
way and surface transportation systems for medium-sized municipalities in the United States 
and Canada. He has been a registered professional engineer (PE) for the last 15 years. Last year, 
Carol, an engineer friend from university days who works as an individual consultant, asked 
Jamie to help her with some cost estimates on a metro train job. Carol ofered to pay for his 
time and talent, but Jamie saw no reason to take money for helping with data commonly used 
by him in performing his job at Burris. The estimates took one weekend to complete, and once 
Jamie delivered them to Carol, he did not hear from her again; nor did he learn the identity of 
the company for which Carol was preparing the estimates.

Yesterday, Jamie was called into his supervisor’s ofce and told that Burris had not received 
the contract award in Sharpstown, where a metro system is to be installed. The project esti-
mates were prepared by Jamie and others at Burris over the past several months. This job was 
greatly needed by Burris, as the country and most municipalities were in a real economic 
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1.4 Interest Rate and Rate of Return 
Interest is the manifestation of the time value of money. Computationally, interest is the diference 
between an ending amount of money and the beginning amount. If the diference is zero or negative, 
there is no interest. There are always two perspectives to an amount of interest—interest paid and 
interest earned. These are illustrated in Figure 1–2. Interest is paid when a person or organization 

slump, so much so that Burris was considering furloughing several engineers if the Sharpstown 
bid was not accepted. Jamie was told he was to be laid of immediately, not because the bid was 
rejected, but because he had been secretly working without management approval for a prime 
consultant of Burris’ main competitor. Jamie was astounded and angry. He knew he had done 
nothing to warrant fring, but the evidence was clearly there. The numbers used by the com-
petitor to win the Sharpstown award were the same numbers that Jamie had prepared for Burris 
on this bid, and they closely matched the values that he gave Carol when he helped her.

Jamie was told he was fortunate, because Burris’ president had decided to not legally charge 
Jamie with unethical behavior and to not request that his PE license be rescinded. As a result, 
Jamie was escorted out of his ofce and the building within one hour and told to not ask anyone 
at Burris for a reference letter if he attempted to get another engineering job.

Discuss the ethical dimensions of this situation for Jamie, Carol, and Burris’ management. 
Refer to the NSPE Code of Ethics for Engineers (Appendix C) for specifc points of concern.

Solution
There are several obvious errors and omissions present in the actions of Jamie, Carol, and 
Burris’ management in this situation. Some of these mistakes, oversights, and possible code 
violations are summarized here.

Jamie
•	 Did not learn identity of company Carol was working for and whether the company was to 

be a bidder on the Sharpstown project
•	 Helped a friend with confdential data, probably innocently, without the knowledge or ap-

proval of his employer
•	 Assisted a competitor, probably unknowingly, without the knowledge or approval of his 

employer
•	 Likely violated, at least, Code of Ethics for Engineers section II.1.c, which reads, “Engi-

neers shall not reveal facts, data, or information without the prior consent of the client or 
employer except as authorized or required by law or this Code.”

Carol
•	 Did not share the intended use of Jamie’s work
•	 Did not seek information from Jamie concerning his employer’s intention to bid on the same 

project as her client
•	 Misled Jamie in that she did not seek approval from Jamie to use and quote his information 

and assistance
•	 Did not inform her client that portions of her work originated from a source employed by a 

possible bid competitor
•	 Likely violated, at least, Code of Ethics for Engineers section III.9.a, which reads, “Engi-

neers shall, whenever possible, name the person or persons who may be individually respon-
sible for designs, inventions, writings, or other accomplishments.”

Burris’ management
•	 Acted too fast in dismissing Jamie; they should have listened to Jamie and conducted an in-

vestigation
•	 Did not put him on administrative leave during a review
•	 Possibly did not take Jamie’s previous good work record into account
These are not all ethical considerations; some are just plain good business practices for Jamie, 
Carol, and Burris.
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borrowed money (obtained a loan) and repays a larger amount over time. Interest is earned when a 
person or organization saved, invested, or lent money and obtains a return of a larger amount over 
time. The numerical values and formulas used are the same for both perspectives, but the interpreta-
tions are diferent.

Interest paid on borrowed funds (a loan) is determined using the original amount, also called 
the principal,

Interest = amount owed now − principal� [1.1]

When interest paid over a specific time unit is expressed as a percentage of the principal, the re-
sult is called the interest rate.

Interest rate (%) = ​ interest accrued per time unit   —————————————  principal ​  × 100%� [1.2]

The time unit of the rate is called the interest period. By far the most common interest period 
used to state an interest rate is 1 year. Shorter time periods can be used, such as 1% per month. 
Thus, the interest period of the interest rate should always be included. If only the rate is stated, 
for example, 8.5%, a 1-year interest period is assumed.

(a) (b)

Loan

Repayment 

Bank
+ interest Borrower

Corporation
Investor

Loan

Repayment
 + interest

Figure 1–2 
(a) Interest paid over time to lender. (b) Interest earned over time by investor.

EXAMPLE 1.3
An employee at LaserKinetics.com borrows $10,000 on May 1 and must repay a total of 
$10,700 exactly 1 year later. Determine the interest amount and the interest rate paid.

Solution
The perspective here is that of the borrower since $10,700 repays a loan. Apply Equation [1.1] 
to determine the interest paid.

Interest paid = $10,700 − 10,000 = $700

Equation [1.2] determines the interest rate paid for 1 year.

Percent interest rate = ​  $700 ———— $10,000 ​ × 100% = 7% per year

bchea_ttEXAMPLE 1.4
Stereophonics, Inc. plans to borrow $20,000 from a bank for 1 year at 9% interest for new re-
cording equipment. (a) Compute the interest and the total amount due after 1 year. (b) Con-
struct a column graph that shows the original loan amount and total amount due after 1 year 
used to compute the loan interest rate of 9% per year.

Solution
(a)	Compute the total interest accrued by solving Equation [1.2] for interest accrued.

Interest = $20,000(0.09) = $1800
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