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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 

cost?
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Engineering economy…

involves the systematic 

evaluation of the economic 

merits of proposed solutions 

to engineering problems.
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Solutions to engineering 

problems must
• promote the well-being and survival of an 

organization,

• embody creative and innovative technology and 
ideas,

• permit identification and scrutiny of their 
estimated outcomes, and

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

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

Engineering economic analysis can 

play a role in many types of situations.

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

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

• Making a recommendation about whether jet 
airplanes for an overnight delivery service should 
be purchased or leased.

• Determining the optimal staffing plan for a 
computer help desk.
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There are seven fundamental principles 

of engineering economy.

• Develop the alternatives

• Focus on the differences

• Use a consistent viewpoint

• Use a common unit of measure

• Consider all relevant criteria

• Make uncertainty explicit

• Revisit your decisions
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Engineering economic analysis 

procedure

• Problem definition

• Development of alternatives

• Development of prospective outcomes

• Selection of a decision criterion

• Analysis and comparison of alternatives.

• Selection of the preferred alternative.

• Performance monitoring and postevaluation 
of results.
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Electronic spreadsheets are a 

powerful addition to the analysis 

arsenal.

• Most engineering economy problems can be 

formulated and solved using a spreadsheet.

• Large problems can be quickly solved.

• Proper formulation allows key parameters 

to be changed.

• Graphical output is easily generated.
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Engineering Economy

Chapter 2: Cost Concepts and Design 

Economics
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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.
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Costs can be categorized in several 

different ways.

• Fixed cost: unaffected by changes in activity 

level

• Variable cost: vary in total with the quantity of 

output (or similar measure of activity)

• Incremental cost: additional cost resulting 

from increasing output of a system by one (or 

more) units
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More ways to categorize costs

• Direct: can be measured and allocated to a 

specific work activity

• Indirect: difficult to attribute or allocate to a 

specific output or work activity (also 

overhead or burden)

• Standard cost: cost per unit of output, 

established in advance of production or 

service delivery
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Some useful cost terminology

• Cash cost: a cost that involves a payment of 

cash.

• Book cost: a cost that does not involve a 

cash transaction but is reflected in the 

accounting system.

• Sunk cost: a cost that has occurred in the 

past and has no relevance to estimates of 

future costs and revenues related to an 

alternative course of action.
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More useful cost terminology

• Opportunity cost: the monetary advantage 
foregone due to limited resources.  The cost 
of the best rejected opportunity.

• Life-cycle cost: the summation of all costs 
related to a product, structure, system, or 
service during its life span.
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The general price-demand relationship

The demand for a 

product or service is 

directly related to its 

price according to p=a-

bD where p is price, D is 

demand, and a and b are 

constants that depend on 

the particular product or 

service.
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Total revenue depends on price and 

demand.

Total revenue is the product of the selling price per 

unit, p, and the number of units sold, D.
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Calculus can help determine the 

demand that maximizes revenue.

Solving, the optimal demand 

is
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We can also find maximum profit…

Profit is revenue minus cost, so

for

Differentiating, we can find the value of D that maximizes 

profit.
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And we can find revenue/cost breakeven.

Breakeven is found when total revenue = total cost.  

Solving, we find the demand at which this occurs.
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Engineers must consider cost in the 

design of products, processes and 

services.

• “Cost-driven design optimization” is critical 

in today’s competitive business 

environment.

• In our brief examination we examine 

discrete and continuous problems that 

consider a single primary cost driver.
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Two main tasks are involved in cost-

driven design optimization.

1. Determine the optimal value for a certain 

alternative’s design variable.

2. Select the best alternative, each with its own 

unique value for the design variable.

Cost models are developed around the design 

variable, X.
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Optimizing a design with respect to 

cost is a four-step process.

• Identify the design variable that is the primary cost 

driver.

• Express the cost model in terms of the design variable.

• For continuous cost functions, differentiate to find the 

optimal value.  For discrete functions, calculate cost 

over a range of values of the design variable.

• Solve the equation in step 3 for a continuous function.  

For discrete, the optimum value has the minimum cost 

value found in step 3.

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

Here is a simplified cost function.

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.
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“Present economy studies” can ignore the 

time value of money.

• Alternatives are being compared over one year or 
less.

• When revenues and other economic benefits vary 
among alternatives, choose the alternative that 
maximizes overall profitability of defect-free 
output.

• When revenues and other economic benefits are 
not present or are constant among alternatives, 
choose the alternative that minimizes total cost per 
defect-free unit.
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Engineering Economy

Chapter 4: The Time Value of Money
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The objective of Chapter 4 is to 

explain time value of money 

calculations and to illustrate 

economic equivalence.
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Money has a time value.

• Capital refers to wealth in the form of 

money or property that can be used to 

produce more wealth.

• Engineering economy studies involve the 

commitment of capital for extended periods 

of time.

• A dollar today is worth more than a dollar 

one or more years from now (for several 

reasons).

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

Return to capital in the form of interest and 

profit is an essential ingredient of 

engineering economy studies.

• Interest and profit pay the providers of capital for 
forgoing its use during the time the capital is being 
used.

• Interest and profit are payments for the risk the 
investor takes in letting another use his or her 
capital.

• Any project or venture must provide a sufficient 
return to be financially attractive to the suppliers 
of money or property.
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Simple Interest: infrequently used

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, the interest and interest rate are said 

to be simple.
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Computation of simple interest

The total interest, I, earned or paid may be computed 

using the formula below.

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.
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If $5,000 were loaned for five years at a 

simple interest rate of 7% per year, the 

interest earned would be

So, the total amount repaid at the end 

of five years would be the original 

amount ($5,000) plus the interest 

($1,750), or $6,750.

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

Compound interest reflects both the remaining principal 

and any accumulated interest.  For $1,000 at 10%…

Period

(1)

Amount owed 

at beginning of 

period

(2)=(1)x10%

Interest 

amount for 

period

(3)=(1)+(2)

Amount 

owed at end 

of period

1 $1,000 $100 $1,100

2 $1,100 $110 $1,210

3 $1,210 $121 $1,331

Compound interest is commonly used in personal and 

professional financial transactions.
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Economic equivalence allows us to 

compare alternatives on a common basis.

• Each alternative can be reduced to an 
equivalent basis dependent on

– interest rate,

– amount of money involved, and

– timing of monetary receipts or expenses.

• Using these elements we can “move” cash 
flows so that we can compare them at 
particular points in time.

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

We need some tools to find economic 

equivalence.
• Notation used in formulas for compound interest 

calculations.

– i = effective interest rate per interest period

– N = number of compounding (interest) periods

– P = present sum of money; equivalent value of one or 
more cash flows at a reference point in time; the present

– F = future sum of money; equivalent value of one or 
more cash flows at a reference point in time; the future

– A = end-of-period cash flows in a uniform series 
continuing for a certain number of periods, starting at 
the end of the first period and continuing through the 
last
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A cash flow diagram is an indispensable 

tool for clarifying and visualizing a 

series of cash flows.
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Cash flow tables are essential to 

modeling engineering economy 

problems in a spreadsheet
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We can apply compound interest 

formulas to “move” cash flows along the 

cash flow diagram.

Using the standard notation, we find that a 

present amount, P, can grow into a future 

amount, F, in N time periods at interest rate 

i according to the formula below.

In a similar way we can find P given F by
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It is common to use standard notation for 

interest factors.

This is also known as the single payment 

compound amount factor.  The term on the 

right is read “F given P at i% interest per 

period for N interest periods.”

is called the single payment present worth

factor.
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We can use these to find economically 

equivalent values at different points in time.

$2,500 at time zero is equivalent to how much after six 

years if the interest rate is 8% per year?

$3,000 at the end of year seven is equivalent to how 

much today (time zero) if the interest rate is 6% per 

year?
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There are interest factors for a series of 

end-of-period cash flows.

How much will you have in 40 years if you 

save $3,000 each year and your account 

earns 8% interest each year?
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Finding the present amount from a series 

of end-of-period cash flows.

How much would is needed today to provide 

an annual amount of $50,000 each year for 20 

years, at 9% interest each year?
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Finding A when given F.

How much would you need to set aside each 

year for 25 years, at 10% interest, to have 

accumulated $1,000,000 at the end of the 25 

years?
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Finding A when given P.

If you had $500,000 today in an account 

earning 10% each year, how much could you 

withdraw each year for 25 years?
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It can be challenging to solve for N or i.

• We may know P, A, and i and want to find 

N.

• We may know P, A, and N and want to find 

i.

• These problems present special challenges 

that are best handled on a spreadsheet.
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Finding N
Acme borrowed $100,000 from a local bank, which 

charges them an interest rate of 7% per year.  If Acme 

pays the bank $8,000 per year, now many years will it 

take to pay off the loan?

So,

This can be solved by using the interest tables and 

interpolation, but we generally resort to a computer 

solution.
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Finding i

Jill invested $1,000 each year for five years in a local 

company and sold her interest after five years for 

$8,000.  What annual rate of return did Jill earn?

So,

Again, this can be solved using the interest tables 

and interpolation, but we generally resort to a 

computer solution.
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There are specific spreadsheet functions 

to find N and i.
The Excel function used to solve for N is

NPER(rate, pmt, pv), which will compute the 

number of payments of magnitude pmt required to 

pay off a present amount (pv) at a fixed interest 

rate (rate).

One Excel function used to solve for i is

RATE(nper, pmt, pv, fv), which returns a fixed 

interest rate for an annuity of pmt that lasts for nper

periods to either its present value (pv) or future value 

(fv).
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We need to be able to handle 

cash flows that do not occur until 

some time in the future.

• Deferred annuities are uniform series that 

do not begin until some time in the future.

• If the annuity is deferred J periods then the 

first payment (cash flow) begins at the end 

of period J+1.
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Finding the value at time 0 of a 

deferred annuity is a two-step 

process.

1. Use (P/A, i%, N-J) find the value of the 
deferred annuity at the end of period J
(where there are N-J cash flows in the 
annuity).

2. Use (P/F, i%, J) to find the value of the 
deferred annuity at time zero.
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Sometimes cash flows change by a 

constant amount each period.

We can model these situations as a uniform 

gradient of cash flows.  The table below 

shows such a gradient.

End of Period Cash Flows

1 0

2 G

3 2G

: :

N (N-1)G
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It is easy to find the present value 

of a uniform gradient series.

Similar to the other types of cash flows, there is a 

formula (albeit quite complicated) we can use to find 

the present value, and a set of factors developed for 

interest tables.
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We can also find A or F

equivalent to a uniform gradient 

series.
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End of Year Cash Flows ($)

1 2,000

2 3,000

3 4,000

4 5,000

The annual equivalent of 

this series of cash flows can 

be found by considering an 

annuity portion of the cash 

flows and a gradient 

portion.

End of Year Annuity ($) Gradient ($)

1 2,000 0

2 2,000 1,000

3 2,000 2,000

4 2,000 3,000
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Sometimes cash flows change by 

a constant rate,  ,each period--this 

is a geometric gradient series.

End of Year Cash Flows ($)

1 1,000

2 1,200

3 1,440

4 1,728

This table presents a 

geometric gradient series.  It 

begins at the end of year 1 

and has a rate of growth,    , 

of 20%.
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We can find the present value of a 

geometric series by using the appropriate 

formula below.

Where      is the initial cash flow in the series.
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When interest rates vary with 

time different procedures are 

necessary.

• Interest rates often change with time (e.g., a 

variable rate mortgage).

• We often must resort to moving cash flows 

one period at a time, reflecting the interest 

rate for that single period.
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The present equivalent of a cash flow occurring at 

the end of period N can be computed with the 

equation below, where ik is the interest rate for the 

kth period.

If F4 = $2,500 and i1=8%, i2=10%, and i3=11%, then
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Nominal and effective interest rates.

• More often than not, the time between successive 

compounding, or the interest period, is less than 

one year (e.g., daily, monthly, quarterly).

• The annual rate is known as a nominal rate.

• A nominal rate of 12%, compounded monthly, 

means an interest of 1% (12%/12) would accrue 

each month, and the annual rate would be 

effectively somewhat greater than 12%.

• The more frequent the compounding the greater 

the effective interest.

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

The effect of more frequent 

compounding can be easily 

determined.

Let r be the nominal, annual interest rate and M the 

number of compounding periods per year.  We can 

find, i, the effective interest by using the formula 

below.
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Finding effective interest rates.

For an 18% nominal rate, compounded quarterly, the 

effective interest is.

For a 7% nominal rate, compounded monthly, the 

effective interest is.
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Interest can be compounded 

continuously.
• Interest is typically compounded at the end 

of discrete periods.

• In most companies cash is always flowing, 

and should be immediately put to use.

• We can allow compounding to occur 

continuously throughout the period.

• The effect of this compared to discrete 

compounding is small in most cases.
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We can use the effective interest 

formula to derive the interest 

factors.

As the number of compounding periods gets 

larger (M gets larger), we find that

This Document has been modified with Flexcil app (Android) https://www.fexcil.com

Flexcil - The Smart Study Toolkit & PDF, Annotate, Note



Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

Engineering Economy, Fourteenth Edition

By William G. Sullivan, Elin M. Wicks, and C. Patrick Koelling

Continuous compounding interest 

factors. 

The other factors can be found from these.
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