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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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Engineering economy…

Engineering economy is the dollars-

and-cents side of the decisions that

engineers make or recommend as

they work to position a firm to be

profitable in a highly competitive

marketplace.



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 economy…

these decisions are trade-offs among

different types of costs and the

performance (response time, safety,

weight, reliability, etc.) provided by

the proposed design or problem

solution.
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Engineering economy…

The mission of engineering

economy is to balance these trade-

offs in the most economical manner.
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Engineering economy…

If an engineer at Ford Motor Company invents a

new transmission lubricant that increases fuel

mileage by 10% and extends the life of the

transmission by 30,000 miles, how much can

the company afford to spend to implement this

invention? Engineering economy can provide an

answer.
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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.
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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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Develop the alternatives

• Carefully define the problem! Then the 

choice (decision) is among alternatives. The 

alternatives need to be identified and then 

defined for subsequent analysis.

Developing and defining the alternatives for detailed evaluation is

important because of the resulting impact on the quality of the decision.
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Focus on the differences

• Only the differences in expected future

outcomes among the alternatives are

relevant to their comparison and should be

considered in the decision.

only the differences in the future outcomes of the alternatives are

important. Outcomes that are common to all alternatives can be

disregarded in the comparison and decision.
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Use a consistent viewpoint

• The prospective outcomes of the 

alternatives, economic and other, should be 

consistently developed from a defined 

viewpoint (perspective).

The perspective of the decision maker, which is often that of the owners

of the firm, would normally be used. However, it is important that the

viewpoint for the particular decision be first defined and then used

consistently in the description, analysis, and comparison of the

alternatives
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Use a common unit of measure

• Using a common unit of measurement to 

enumerate as many of the prospective 

outcomes as possible will simplify the 

analysis of the alternatives.

It is desirable to make as many prospective outcomes as possible

commensurable (directly comparable). For economic consequences, a

monetary unit such as dollars is the common measure.
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Consider all relevant criteria

• Selection of a preferred alternative (decision

making) requires the use of a criterion (or

several criteria). The decision process

should consider both the outcomes

enumerated in the monetary unit and those

expressed in some other unit of

measurement or made explicit in a

descriptive manner.
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Make uncertainty explicit

• Risk and uncertainty are inherent in

estimating the future outcomes of the

alternatives and should be recognized in

their analysis and comparison.
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Revisit your decisions

• Improved decision making results from an

adaptive process; to the extent practicable,

the initial projected outcomes of the

selected alternative should be subsequently

compared with actual results achieved.
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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     Rent    

• Variable cost: vary in total with the quantity of 
output (or similar measure of activity) Material

• 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 (Materials + Labor)

• 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



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

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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The general price-demand relationship

As the price increases, 
the demand decreases.  
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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…

CT = CF + CV

where CF and CV denote fixed and variable 
costs, respectively. 

For the linear relationship assumed here, 

CV = cv · D,
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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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We can also find maximum profit…
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We can also find maximum profit…

Profit (loss) = total revenue − total costs
= (aD − bD^2) − (CF + cvD) 
= −bD^2 + (a − cv)D − CF 

for
0 ≤ D ≤ a b and a > 0, b > 0. 

In order for a profit to occur, based on Equation, and to 
achieve the typical results depicted in Figure 2-4, two 
conditions must be met:
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We can also find maximum profit…
1. (a − cv) > 0; that is, the price per unit that will result in no
demand has to be greater than the variable cost per unit. (This
avoids negative demand.).

2. Total revenue (TR) must exceed total cost (CT) for the period
involved. If these conditions are met, we can find the optimal
demand at which maximum profit will occur by taking the first
derivative of Equation (2-9) with respect to D and setting it
equal to zero:
d(profit) /dD = a − cv − 2bD = 0.
The optimal value of D that maximizes profit is
Dὸ= (a − cv)/ 2b
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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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Two main tasks are involved in cost-
driven design optimization.

Engineers must maintain a life-cycle viewpoint 
as they design products, processes, and services. 
Such a complete perspective ensures that 
engineers consider initial investment costs, 
operation and maintenance expenses and other 
annual expenses in later years, and 
environmental and social consequences over the 
life of their designs. 
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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.

• Cost models are developed around the 
design variable, X.
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Two main tasks are involved in cost-
driven design optimization.

For cost-driven design optimization problems, 
the two main tasks are as follows:
1. Determine the optimal value for a certain 

alternative’s design variable.
For example, what velocity of an aircraft 
minimizes the total annual costs of owning and 
operating the aircraft?
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Two main tasks are involved in cost-
driven design optimization.

2. Select the best alternative, each with its own 
unique value for the design variable.

For example, what insulation thickness is best 
for a home in Virginia: R11, R19, R30, or R38?
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cost function.

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

1. fixed cost(s)

2. cost(s) that vary directly with the design 
variable 

3. cost(s) that vary indirectly with the design 
variable



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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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.



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

Example 
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Example 
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Example 
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Example 
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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).
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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.



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

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. 



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 $500 $50 $550

3 $500 $50 $550

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.
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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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Symbols and Cash Flow
Diagrams

qThe mathematical relations used in engineering  
economy employ the following symbols:

NOTE
The dollar amount of F and A
are considered at the end of
the interest period.
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Cash Flow
qEvery person or company has cash receipts (income)  

and cash disbursement (costs).

qThe results of income and costs is called cash flow.

qA positive cash flow indicates a net receipts in a  
particular interest period or year.

qA negative cash flow indicates a net disbursement in  
that period.
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Cash Flow

qExample: If you buy a printer in 1999 for $300,  
maintain it for three years at a cost of $20 per 
year,  and then sell it for $50, what are your cash 
flows for  each year?

Year Receipts Disbursement Cash Flow
1999 0 $300 - $300
2000 0 $20 - $20
2001 0 $20 - $20
2002 $50 $20 + $30

q Its important to remember that all receipts and  
disbursements and thus cash flows are assumed 
to  be end-of period amounts. Therefore, 1999 is 
the  present (now) and 2002 is the end of year 3.
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Cash Flow

qExample: Suppose you borrowed $1,000
on May 1, 1984, and agree to repay the
loan in one lump sum of $1,402.60 at the
end of four years at 7%. Tabulate the
cash flows?

Date Receipts Disbursement Cash Flow

May 1, 1984 $1,000 0 + $1,000

May 1, 1985 0 0 0

May 1, 1986 0 0 0

May 1, 1987 0 0 0

May 1, 1988 0 $1,402.60 - $1,402.60
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Cash Flow Diagrams
qA cash flow diagram is simply a graphical  representation of 
cash flows (in vertical direction) on a  time scale (in horizontal 
direction). Time zero is  considered to be present, and time 1 
is the end of time  period 1.

qThis cash flow diagram is set up for five years.
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Cash Flow Diagrams
qThe direction of the cash flows (income or out go) is  
indicated by the direction of the arrows.

qFrom the investor’s point of view, the borrowed funds  
are cash flows entering the system, while the debt  
repayments are cash flows leaving the system.
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Cash Flow Diagrams

qExample: If you borrow $2,000 now and must 
repay  the loan plus interest (at rate of 6% per 
year) after five  years. Draw the cash flow diagram. 
What is the total  amount you must pay?
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Cash Flow Diagrams
qExample: Assume that you want to deposit an
amount (P) into an account two years from now in
order to be able to withdraw $400 per year for five
years starting three years from now. Assume that
the interest rate is 5.5% per year. Construct the
cash flow diagram.
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Cash Flow Diagrams
qExample: Suppose that you want to make a deposit into
your account now such that you can withdraw an equal
amount (A1) of $200 per year for the first five years
starting one year after your deposit and a different annual
amount (A2) of $300 per year for the following three
years. With an interest rate (i) of 4.5% per year, construct
the cash flow diagram.
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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, how 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,fv), 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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Example 1 
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Example 1 
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Example 2 
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Example 2 
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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.



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 can also find A or F
equivalent to a uniform gradient 

series.
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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.
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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



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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Engineering Economy

Chapter 5: Evaluating a Single 
Project
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The objective of Chapter 5 is to 
discuss and critique 

contemporary methods for 
determining project 

profitability.
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Proposed capital projects can be 
evaluated in several ways.

• Present worth (PW)
• Future worth (FW)
• Annual worth (AW)
• Internal rate of return (IRR)
• External rate of return (ERR)
• Payback period (generally not appropriate 

as a primary decision rule)
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To be attractive, a capital project 
must provide a return that exceeds 

a minimum level established by 
the organization.  This minimum 

level is reflected in a firm’s 
Minimum Attractive Rate of 

Return (MARR).
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Many elements contribute to 
determining the MARR.

• Amount, source, and cost of money available
• Number and purpose of good projects 

available
• Perceived risk of investment opportunities
• Type of organization involved  (government, 

public utility,etc)
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Objective

• the MARR should be chosen to maximize 
the economic well-being of an organization, 
subject to the types of considerations.
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The most-used method is the 
present worth method.

• The PW method is based on the concept of 
equivalent worth of all cash flows relative 
to some base or beginning point in time 
called the present. 

• All cash inflows and outflows are 
discounted to the present point in time at an 
interest rate that is generally the MARR.
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The most-used method is the 
present worth method.

A positive PW for an investment project 
means that the project is acceptable (it 
satisfies the MARR).
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Present Worth ( PW )

• i = effective interest rate or MARR
• K = index of each compounding period 
• Fk = future cash flow at the end of period k
• N = # of compounded periods .
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• PW Decision Rule:

If PW (i=MARR) ≥ 0 , the project is 
economically justified 
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Note

• The higher the interest rate and the further 
into the future a cash flow occurs , the 
lower its PW is 

• See figure 5-2
• PW of 1,000 10 years from now i =5% is  

$613.90
• PW of 1,000  10years from now i=10% 

is  $385.5
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Example(PW)
Consider a project that has an initial 
investment of $50,000 and that returns 
$18,000 per year for the next four years.  
If the MARR is 12%, is this a good 
investment?
PW = -50,000 + 18,000 (P/A, 12%, 4)
PW = -50,000 + 18,000 (3.0373)

PW = $4,671.40 à This is a good investment!
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Present Worth Example
Consider a project that has an initial 
investment of $50,000 and that returns 
$18,000 per year for the next four years.  If 
the MARR is 12%, is this a good 
investment?
PW = -50,000 + 18,000 (P/A, 12%, 4)
PW = -50,000 + 18,000 (3.0373)

PW = $4,671.40 à This is a good investment!
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Assumptions of the PW Method

• It is assumed that we know the future with 
certainty (we don’t live in a certain world!). 
For example, we presume to know with 
certainty future interest rates and other 
factors. 
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Assumptions of the PW Method
• It is assumed we can borrow and lend 

money at the same interest rate (i.e., 
capital markets are perfect). Regrettably, 
the real world has neither certainty nor 
perfect (frictionless, e.g., no taxes and/or 
commissions) capital markets.
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Bond Value

A bond is an IOU where you agree to lend the
bond issuer money for a specified length of
time (say, 10 years). In return, you receive
periodic interest payments (e.g., quarterly) from
the issuer plus a promise to return the face
value of the bond
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Bond value is a good example of 
present worth.

The commercial value of a bond is the PW of 
all future net cash flows expected to be 
received--the period dividend [face value (Z) 
times the bond rate (r)], and the redemption 
price (C), all discounted to the present at the 
bond’s yield rate, i%.

VN=C (P/F, i%, N) + rZ (P/A, i%, N)
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Bond example
What is the value of a 6%, 10-year bond with a 
par (and redemption) value of $20,000 that pays 
dividends semi-annually, if the purchaser 
wishes to earn an 8% return?

VN = $20,000 (P/F, 4%, 20) + (0.03)$20,000 (P/A, 4%, 20)

VN = $17,282.18

VN = $20,000 (0.4564) + (0.03)$20,000 (13.5903)
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Capitalized worth is a special 
variation of present worth.

• Capitalized worth is the present worth of all 
revenues or expenses over an infinite length 
of time.

• If only expenses are considered this is 
sometimes referred to as capitalized cost.

• The capitalized worth method is especially 
useful in problems involving endowments 
and public projects with indefinite lives.
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The application of CW concepts.

The CW of a series of end-of-period 
uniform payments A, with interest at i%
per period, is A(P/A, i%, N). As N
becomes very large (if the A are perpetual 
payments), the (P/A) term approaches 1/i.  
So, CW = A(1/i).
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Future Worth (FW) method is an 
alternative to the PW method.

• Looking at FW is appropriate since the 
primary objective is to maximize the future 
wealth of owners of the firm.

• FW is based on the equivalent worth of all 
cash inflows and outflows at the end of the 
study period at an interest rate that is 
generally the MARR.

• Decisions made using FW and PW will be 
the same.
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Future worth example.
A $45,000 investment in a new conveyor 
system is projected to improve throughput and 
increasing revenue by $14,000 per year for five 
years.  The conveyor will have an estimated 
market value of $4,000 at the end of five years.  
Using FW and a MARR of 12%, is this a good 
investment?
FW = -$45,000(F/P, 12%, 5)+$14,000(F/A, 12%, 5)+$4,000

FW = $13,635.70 à This is a good investment!

FW = -$45,000(1.7623)+$14,000(6.3528)+$4,000
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Annual Worth (AW) is another 
way to assess projects.

• Annual worth is an equal periodic series of dollar 
amounts that is equivalent to the cash inflows and 
outflows, at an interest rate that is generally the 
MARR.

• The AW of a project is annual equivalent revenue 
or savings (R) minus annual equivalent 
expenses(E), less its annual capital recovery (CR) 
amount.
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Capital recovery reflects the capital cost 
of the asset.

• CR is the annual equivalent cost of the 
capital invested.

• The CR covers the following items.
– Loss in value of the asset.
– Interest on invested capital (at the MARR).

• The CR distributes the initial cost (I) and 
the salvage value (S) across the life of the 
asset. 
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Capital recovery

As an example, consider a device that will 
cost $10,000, last five years, and have a 
salvage (market) value of $2,000. Thus, the 
loss in value of this asset over five years is 
$8,000. Additionally, the MARR is 10% per 
year. 
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Capital recovery
It can be shown that, no matter which method 
of calculating an asset’s loss in value over 
time is used, the equivalent annual CR 
amount is the same. For example, if a uniform 
loss in value is assumed ($8,000/5 years = 
$1,600 per year), the equivalent annual CR 
amount is calculated to be $2,310, as shown 
in Table 5-1.
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Capital recovery
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A project requires an initial investment of $45,000, 
has a salvage value of $12,000 after six years, incurs 
annual expenses of $6,000, and provides an annual 
revenue of $18,000.  Using a MARR of 10%, 
determine the AW of this project.

Since the AW is positive, it’s a good investment.
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Internal Rate of Return
• The internal rate of return (IRR) method is 

the most widely used rate of return method 
for performing engineering economic 
analysis.

• It is also called the investor’s method, the 
discounted cash flow method, and the 
profitability index.

• If the IRR for a project is greater than the 
MARR, then the project is acceptable.
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How the IRR works
• The IRR is the interest rate that equates the 

equivalent worth of an alternative’s cash 
inflows (revenue, R) to the equivalent worth 
of cash outflows (expenses, E).

• The IRR is sometimes referred to as the 
breakeven interest rate.

The IRR is the interest i'% at which
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Solving for the IRR is a bit more 
complicated than PW, FW, or AW

• The method of solving for the i'% that 
equates revenues and expenses normally 
involves trial-and-error calculations, or 
solving numerically using mathematical 
software.

• The use of spreadsheet software can greatly 
assist in solving for the IRR.  Excel uses the 
IRR(range, guess) or RATE(nper, pmt, pv)
functions.
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computing the IRR for an alternative is to 
determine the i ′ at which its net PW is zero. 
In equation form, the IRR is the
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Investment-balance diagram. 
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Installment Financing
A rather common application of the IRR method
is in so-called installment financing types of
problems.
These problems are associated with financing
arrangements for purchasing merchandise “on
time.” The total interest, or finance, charge is
often paid by the borrower on the basis of what
amount is owed at the beginning of the loan
instead of on the unpaid loan balance.
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Challenges in applying the IRR 
method.

• It is computationally difficult without 
proper tools.

• In rare instances multiple rates of return can 
be found. (See Appendix 5-A.)

• The IRR method must be carefully applied 
and interpreted when comparing two more 
mutually exclusive alternatives (e.g., do not 
directly compare internal rates of return).
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Reinvesting revenue—the 
External Rate of Return (ERR)

• The IRR assumes revenues generated are reinvested at the 
IRR—which may not be an accurate situation.

• The ERR takes into account the interest rate, ε, external to 
a project at which net cash flows generated (or required) 
by a project over its life can be reinvested (or borrowed).  
This is usually the MARR.

• If the ERR happens to equal the project’s IRR, then using 
the ERR and IRR produce identical results.
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The ERR procedure
• Discount all the net cash outflows to time 0

at ε% per compounding period.
• Compound all the net cash inflows to period 

N at at ε%.
• Solve for the ERR, the interest rate that 

establishes equivalence between the two 
quantities.
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ERR is the i'% at which

where

Rk = excess of receipts over expenses in period k,
Ek = excess of expenses over receipts in period k,
N = project life or number of periods, and
ε = external reinvestment rate per period. 
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Applying the ERR method

Year 0 1 2 3 4
Cash Flow -$15,000 -$7,000 $10,000 $10,000 $10,000

For the cash flows given below, find the ERR when the 
external reinvestment rate is ε = 12% (equal to the MARR). 

Expenses

Revenue

Solving, we find
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The payback period method is 
simple, but possibly misleading.

• The simple payback period is the number of 
years required for cash inflows to just equal 
cash outflows.

• It is a measure of liquidity rather than a 
measure of profitability.
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Payback is simple to calculate.
The payback period is the smallest value of θ (θ ≤ N) for 
which the relationship below is satisfied.

For discounted payback future cash flows are 
discounted back to the present, so the relationship to 
satisfy becomes
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Problems with the payback period 
method.

• It doesn’t reflect any cash flows occurring 
after θ, or θ'.

• It doesn’t indicate anything about project 
desirability except the speed with which the 
initial investment is recovered.

• Recommendation: use the payback period 
only as supplemental information in 
conjunction with one or more of the other 
methods in this chapter.
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Finding the simple and 
discounted payback 
period for a set of cash 
flows.

End of 
Year

Net Cash 
Flow

Cumulative 
PW at 0%

Cumulative 
PW at 6%

0 -$42,000 -$42,000 -$42,000

1 $12,000 -$30,000 -$30,679

2 $11,000 -$19,000 -$20,889

3 $10,000 -$9,000 -$12,493

4 $10,000 $1,000 -$4,572

5 $9,000 $2,153

The cumulative cash 
flows in the table were 
calculated using the 
formulas for simple 
and discounted 
payback.

From the calculations 
θ = 4 years and θ' = 5 
years. 
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Engineering Economy

Chapter 6: Comparison and Selection 
Among Alternatives
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The objective of chapter 6 is to 
evaluate correctly capital 

investment alternatives when the 
time value of money is a key 

influence.
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Making decisions means 
comparing alternatives.

• In this chapter we examine feasible design 
alternatives.

• The decisions considered are those selecting 
from among a set of mutually exclusive
alternatives—when selecting one excludes 
the choice of any of the others.
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Mutually exclusive alternatives 
(MEAs)

• We examine these on the basis of economic 
considerations alone.

• The alternatives may have different initial 
investments and their annual revenues and costs 
may vary.

• The alternatives must provide comparable 
“usefulness”: performance, quality, etc.

• The basic methods from chapter 5 provide the 
basis for economic comparison of the alternatives.
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Apply this rule, based on 
Principle 2 from Chapter 1.

The alternative that requires the minimum 
investment of capital and produces 
satisfactory functional results will be chosen 
unless the incremental capital associated with 
an alternative having a larger investment can 
be justified with respect to its incremental 
benefits.  This alternative is the base 
alternative.
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For alternatives that have a larger 
investment than the base…

If the extra benefits obtained by investing 
additional capital are better than those that 
could be obtained from investment of the 
same capital elsewhere in the company at the 
MARR, the investment should be made.

(Please note that there are some cautions when considering 
more than two alternatives, which will be examined later.)
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There are two basic types of 
alternatives.

Investment Alternatives
Those with initial (or front-end) capital investment 

that produces positive cash flows from increased 
revenue, savings through reduced costs, or both.

Cost Alternatives
Those with all negative cash flows, except for a 

possible positive cash flow from disposal of assets 
at the end of the project’s useful life.
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Select the alternative that gives 
you the most money!

• For investment alternatives the PW of all 
cash flows must be positive, at the MARR, 
to be attractive.  Select the alternative with 
the largest PW.

• For cost alternatives the PW of all cash 
flows will be negative.  Select the 
alternative with the largest (smallest in 
absolute value) PW.
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Investment alternative example
Use a MARR of 10% and useful life of 5 years to select 
between the investment alternatives below.

Alternative
A B

Capital investment -$100,000 -$125,000
Annual revenues less expenses $34,000 $41,000

Both alternatives are attractive, but Alternative B provides 
a greater present worth, so is better economically.
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Cost alternative example
Use a MARR of 12% and useful life of 4 years to select 
between the cost alternatives below.

Alternative
C D

Capital investment -$80,000 -$60,000
Annual expenses -$25,000 -$30,000

Alternative D costs less than Alternative C, it has a greater 
PW, so is better economically.
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Determining the study period.
• A study period (or planning horizon) is the time 

period over which MEAs are compared, and it 
must be appropriate for the decision situation.

• MEAs can have equal lives (in which case the 
study period used is these equal lives), or they can 
have unequal lives, and at least one does not 
match the study period.

• The equal life case is straightforward, and was 
used in the previous two examples.
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Unequal lives are handled in one 
of two ways.

• Repeatability assumption
– The study period is either indefinitely long or equal to a 

common multiple of the lives of the MEAs.
– The economic consequences expected during the 

MEAs’ life spans will also happen in succeeding life 
spans (replacements).

• Coterminated assumption: uses a finite and 
identical study period for all MEAs.  Cash flow 
adjustments may be made to satisfy alternative 
performance needs over the study period.
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Comparing MEAs with equal lives.
When lives are equal adjustments to cash flows are not 
required.  The MEAs can be compared by directly comparing 
their equivalent worth (PW, FW, or AW) calculated using the 
MARR.  The decision will be the same regardless of the 
equivalent worth method you use.  For a MARR of 12%, select 
from among the MEAs below.

Alternatives
A B C D

Capital investment -$150,000 -$85,000 -$75,000 -$120,000
Annual revenues $28,000 $16,000 $15,000 $22,000
Annual expenses -$1,000 -$550 -$500 -$700
Market Value (EOL) $20,000 $10,000 $6,000 $11,000
Life (years) 10 10 10 10
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Selecting the best alternative.
Present worth analysis à select Alternative A (but C is close).

Annual worth analysis—the decision is the same.



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



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



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



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



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



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



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



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



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



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



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

Use the incremental investment 
analysis procedure.

• Arrange (rank order) the feasible alternatives 
based on increasing capital investment.

• Establish a base alternative.
– Cost alternatives—the first alternative is the base.
– Investment alternatives—the first acceptable alternative 

(IRR>MARR) is the base.
• Iteratively evaluate differences (incremental cash 

flows) between alternatives until all have been 
considered.
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Evaluating incremental cash flows
• Work up the order of ranked alternatives smallest to 

largest.
• Subtract cash flows of the lower ranked alternative from 

the higher ranked.
• Determine if the incremental initial investment in the 

higher ranked alternative is attractive (e.g., IRR>MARR, 
PW, FW, AW all >0).  If it is attractive, it is the “winner.”  
If not, the lower ranked alternative is the “winner.”  The 
“loser” from this comparison is removed from 
consideration.  Continue until all alternatives have been 
considered.

• This works for both cost and investment alternatives. 
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Incremental analysis
Alt. A Alt. B Alt. B-Alt. A

Initial cost -$25,000 -$35,000 -$10,000
Net annual income $7,500 $10,200 $3,200
IRR on total cash flow 15% 14% 11%

Which is preferred using a 5 year study period and MARR=10%?

Both alternatives A and B are acceptable—each one has a rate of return 
that exceeds the MARR.  Choosing Alternative A because of its larger 
IRR would be an incorrect decision.  By examining the incremental cash 
flows we see that the extra amount invested in Alternative B earns a 
return that exceeds the IRR—so B is preferred to A.  Also note…
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Using rates of return is another 
way to compare alternatives.

• The return on investment (rate of return) is a popular 
measure of investment performance.

• Selecting the alternative with the largest rate of return can 
lead to incorrect decisions—do not compare the IRR of 
one alternative to the IRR of another alternative.  The only 
legitimate comparison is the IRR to the MARR.

• Remember, the base alternative must be attractive (rate of 
return greater than the MARR), and the additional 
investment in other alternatives must itself make a 
satisfactory rate of return on that increment.
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Comparing MEAs with unequal lives.
• The repeatability assumption, when 

applicable, simplified comparison of 
alternatives.

• If repeatability cannot be used, an 
appropriate study period must be selected 
(the coterminated assumption).  This is most 
often used in engineering practice because 
product life cycles are becoming shorter.
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The useful life of an alternative is less 
than the study period.

• Cost alternatives
– Contracting or leasing for remaining years may be 

appropriate
– Repeat part of the useful life and use an estimated 

market value to truncate
• Investment alternatives

– Cash flows reinvested at the MARR at the end of the 
study period

– Replace with another asset, with possibly different cash 
flows, after the study period
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The useful life of an alternative is 
greater than the study period.

• Truncate the alternative at the end of the 
study period, using an estimated market 
value.

• The underlying principle in all such analysis 
is to compare the MEAs in a decision 
situation over the same study (analysis) 
period.
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Equivalent worth methods can be 
used for MEAs with unequal lives.

• If repeatability can be assumed, the MEAs 
are most easily compared by finding the 
annual worth (AW) of each alternative over 
its own useful life, and recommending the 
one having the most economical value.

• For cotermination, use any equivalent worth 
method using the cash flows available for 
the study period.
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We can use incremental rate of return 
analysis on MEAs with unequal lives.
Equate the MEAs annual worths (AW) over their 
respective lives.

A B
Capital Investment $3,500 $5,000
Annual Cash Flow $1,255 $1,480
Useful Live (years) 4 6

Solving, we find i*=26%, so Alt B is preferred.
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Rate-of-Return Analysis
• Up until this point, we have solved problems with 

unequal lives with the use of the equivalent-worth 
methods (AW being the most convenient).

• The analysis of alternatives having unequal lives can 
also be accomplished by using rate-of-return 
methods.

• When the co-termination method is used, the 
incremental analysis procedure can be applied 
directly. 
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Rate-of-Return Analysis
• When the study period is either indefinitely long or

equal to a common multiple of the useful lives,
however, computing the incremental cash flows can be
quite cumbersome.

• For example, the implicit study period in Example 6-11
is 45 years! In this instance, a more direct approach is
useful.

• In general, the IRR of an increment of capital is the
interest rate, i ὸ, that equates the equivalent worth of the
higher capital investment cost alternative to the
equivalent worth of the lower capital investment cost
alternative
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Rate-of-Return Analysis
• The decision rule using this approach is that, if i ὸ ≥

MARR, the increment is justified and the alternative with
the higher capital investment cost is preferred.

• When repeatability applies, we simply need to develop the
AW equation for each alternative over its own useful life
and find the interest rate that makes them equal.
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By trial and error, the IRR of the extra capital needed to
repeatedly invest in Alternative B (instead of Alternative A) over
the study period is i ὸ = 26%. Since this value is greater than the
MARR, the increment is justified and Alternative B is preferred.
This is the same decision arrived at in Example 6-7.

• To demonstrate, consider the alternatives that were
analyzed in Example 6-8 by using a MARR of 10% per year
and a study period of 12 years (repeatability assumption).
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The Imputed Market Value 
Technique

• Obtaining a current estimate from the marketplace for a piece 
of equipment or another type of asset is the preferred 
procedure in engineering practice when a market value at time 
T < (useful life) is required. 

• This approach, however, may not be feasible in some cases. 
For example, a type of asset may have low turnover in the 
market place, and information for recent transactions is not 
available.
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The Imputed Market Value 
Technique

• It is sometimes necessary to estimate the market value for an 
asset without current and representative historical data. 

• The imputed market value technique, which is sometimes called 
the implied market value, can be used for this purpose as well as 
for comparison with marketplace values when current data are 
available. 
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The Imputed Market Value 
Technique

The estimating procedure used in the technique is based on 
logical assumptions about the value of the remaining useful 
life for an asset. If an imputed market value is needed for a 
piece of equipment, say, at the end of year T < (useful life), 
the estimate is calculated on the basis of the sum of two 
parts, as follows:
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Personal Finances
• Sound financial planning is all about making wise choices for

your particular circumstances (e.g., your amount of personal
savings, your job security, your attitude toward risk).

• Thus far in Chapter 6, we have focused on facilitating good
decision making from the perspective of a corporation.

• Now we apply these same principles to several problems
you are likely to face soon in your personal decision making.
Two of the largest investments you’ll ever make involve
houses and automobiles.
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Personal Finances
• It turns out that people who use credit cards tend to spend

more money than others who pay cash or write checks. An
enlightening exercise to see how addicted you are to credit
cards is to go cold turkey for two months.

• A fundamental lesson underlying this section is to save now
rather than spending on luxury purchases.

• By choosing to save now, we are making an attempt to
minimize the risk of making poor decisions later on.
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Engineering Economy

Chapter 7: Depreciation and Income 
Taxes 
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The objective of Chapter 7 is to 
explain how depreciation 

affects income taxes and how 
income taxes affect economic 

decision making.
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Income taxes usually represent 
a significant cash outflow. 

Depreciation is an important 
element in finding after-tax 

cash flows
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Depreciation is the decrease in 
value of  physical properties 

with the passage of  time.
• It	is	an	accounting	concept,	a	non-cash	cost,	that		
establishes	an	annual	deduction	against	before-
tax		income.

• It	is	used	to	reflect	effect	of	time	and	use	on	
asset’s		value	in	firm’s	financial	statements.

• It	is	intended	to	approximate	the	yearly	fraction	of	
an		asset’s	value	used	in	the	production	of	income.
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(c)	2001	Contemporary	Engineering		
Economics 4

Depreciation
• Definition: Loss of value for a fixed asset
• Example: You purchased a car worth $15,000 at

the  beginning of year 2000.
D
epreciation

End of  
Year

Market
Value

Loss of
Value

0 $15,000
$5,000  
2,000
2,000
1,000
1,000

1 10,000
2 8,000
3 6,000
4 5,000
5 4,000
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(c)	2001	Contemporary	Engineering		
Economics 5

Why Do We Need to Consider  
Depreciation?

Gross Income -Expenses:
(Cost of goods sold)  (Depreciation)  
(operating expenses)

Taxable Income

- Income taxes

Net income (profit)

Business  
Expense:  
Depreciation is  
viewed as part  
of business  
expenses that  
reduce taxable  
income.
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(c)	2001	Contemporary	Engineering		
Economics 6

Factors to Consider in Asset  
Depreciation

• Depreciable life (how long?)

• Salvage value (disposal value)

• Cost basis (depreciation basis)

• Method of depreciation (how?)
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Property is depreciable if
• it	must	be used	in	business	or	held	to	
produce		income.

• it	has	a	determinable	useful	life and	
longer		than	one	year.

• it	is	something	that	wears	out,	decays,	
gets		used	up,	becomes	obsolete,	or	loses	
value		from	natural	causes	(ex:	land	is	not	
depreciable).

• it	is	not	inventory,	stock	in	trade,	or		
investment	property..
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Depreciable property is
• TANGIBLE	- can	be	seen	or	touched

personal	property - includes	assets	such	as	machinery,	
vehicles,		equipment,	furniture,	etc...
real	property - anything	growing	on,	or	attached	to	land
(Since	land	does	not	have	a	determinable	life	itself,	it	is	not		
depreciable)

• Or	it	is	INTANGIBLE	- personal	property,	such	as	copyright,	patent		
or	franchise

• Properties	are	depreciated	according	to	a	depreciation schedule.
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WHEN DEPRECIATION STARTS 
AND  STOPS

• Depreciation starts when property is placed in
service for use in business or for production of
income.

• Property is considered in service when it is ready
and available for specific use, even if not
actually used yet.

• Depreciation stops when it is retired from
service.
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Some
Definitions

• Adjusted	(cost)	basis:	The	original	cost	basis	of		
the	asset,	adjusted	by	allowable	increases	or		
decreases	(used	to	calculate	depreciation	deductions)

• Basis	(or	cost	basis):	The	initial	cost	of	acquiring		
an	asset	(purchase	price	plus	any	sales	tax),		
including	transportation	expenses	and	other		
normal	costs	of	making	the	asset	serviceable	for		
its	intended	use.	(also	called	unadjusted	cost		
basis)
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Some
Definitions

• Book	Value	(BV):	The	worth	of	a	depreciable		
property	shown	on	accounting	records	of	a		
company.
– It	is	the	original	adjusted	cost	basis	less	all		
allowable	depreciation	deductions.

– It	represents	the	amount	of	capital	that	remains		
invested	in	the	property	and	must	be	recovered	
in		the	future	through	accounting	process.
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Some
Definitions

• Market	Value	(MV):	The	amount	that	will	be		
paid	by	a	willing	buyer	to	willing	seller	for	a		
property.

• Market	Value	approximates	present	value	of		
what	will	be	received	through	ownership	of		
property,	including	time-value	of	money	(or		
profit).



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

Some
Definitions

• Recovery	period:	The	number	of	years	over		
which	the	basis	of	a	property	is	recovered		
through	the	accounting	process.

• Normally	recovery	period	is	the	useful	life	of		
the	property	for	classical	methods.

• Recovery Rate is the percentage for each year
of recovery period used to calculate an annual
depreciation deduction.
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Some
Definitions

• Salvage	Value	(SV):	The	estimated	value	of	a		
property	at	the	end	of	its	useful	life.

-- it	is	the	expected	selling	price	of	property	when	asset	can		no	
longer	be	used	productively.

-- net	salvage	value	is	used	when	expenses	incurred	in		disposing	
of	property;	cash	outflows	must	be	deducted		from	cash	inflows	
for	final	net	salvage	value.

-- with	classical	methods	of	depreciation,	estimated	salvage		value	
is	established	and	used.

-- with	new	methods	of	depreciation	(MACRS),	the	salvage		value	
of	depreciable	property	is	defined	to	be	zero
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Some
Definitions

• Useful	life:	The	expected	(or	estimated)	period		
of	time	that	a	property	will	be	used	in	a	trade		
or	business	to	produce	income.

• Sometimes	it	is	referred	to	as	depreciable	life.
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(c)	2001	Contemporary	Engineering		
Economics 18

Cost Basis
Cost of new hole-punching  
machine (Invoice price) $62,500
+ Freight 725

+ Installation labor 2,150

+ Site preparation 3,500

Cost basis to use in  
depreciation calculation

$68,875
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(c)	2001	Contemporary	Engineering		
Economics 19

Cost Basis with Trade-In
Allowance

Old hole-punching machine (book value) $4,000

Less: Trade-in allowance 5,000

Unrecognized gains $1,000

Cost of new hole-punching machine $62,500

Less: Unrecognized gains (1,000)

Freight 725

Installation labor 2,150

Site preparation 3,500

Cost of machine (cost basis) $67,875
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DEPRECIATION CONCEPTS
The	following	terms	are	used	in	the	classical		
(historical)	depreciation	method	equations:

N	=	depreciable	life	of	the	asset	in	years
B	=	cost	basis,	including	allowable	adjustments
d	k	=	annual	depreciation	deduction	in	year	k	(1< k	<N)	
d	k*	=	cummulative	depreciation	through	year	k
BV	k	=	book	value	at	the	end	of	year	k
BV	N	=	book	value	at	the	end	of	the	depreciable	(useful)	life		SV	N	=	

salvage	value	at	the	end	of	year	N

R	=	the	ratio	of	depreciation	in	any	one	year	to	the	BV	at	the		beginning	
of	the	year
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(c)	2001	Contemporary	Engineering		
Economics 21

Classical Depreciation Methods

• Types	of	Classical	Depreciation Methods:
– Straight-Line Method
– Declining	Balance Method
– Sum	of	the	Years’	Digits Method
– Unit	Production Method
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Example for Straight Line 
Method of Depreciation

Example:	B	=	$7000	(purchase	price);	SV=$1000;	N=5	years

dk	(Constant/Yr.)=	(7000-1000)/5=1,200

d3*=	Accumulated	depreciation	at	the	end	of	Yr.3	=		
3(1200)	=	3600

BV(3)	=	Book	value	at	the	beginning of	Yr.4	=		
Purchase	price	- Sum(of	depreciation	charges)	=		
7000	- 3(1200)=	$3,400
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Declining-balance (DB): a constant-
percentage of the remaining BV is  

depreciated each year.

The constant percentage is determined by R, where

R = 2/N when 200% declining balance is used,

R = 1.5/N when 150% declining balance is used.
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DB with Switchover to
SL

• When	DB	method	is	used,	BV	never	reaches	
0.

• In	order	for	BV	to	reach	0,	we	allow	switching		
from	DB	to	SL	in	the	year	in	which	a	larger		
depreciation	amount	is	obtained	from	the	SL		
method.
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In the previous example;

When using Declining Balance (DB) method, for example:  d 3 = 

annual depreciation deduction in year 3

BV 3 = book value at the end of year 3 (at the beginning of year 4)
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Half-Year
Rule

If	the	half	year	rule	is	applied,	during	year	1,	for	specified	assets,	one-half	of		the	
normally	allowable	depreciation	can	be	claimed.

Example:	Straight	Line	Method
Depreciation	rate	=	50%
Half-year	exempt	(not	applied).
Purchase	price	=	$10,000	in	2001		depreciation	in	2001=	10,000x0.5=	$5000		

depreciation	in	2002=	$5000
Sum	of	depreciation	=	$10,000

Now	assume	that	for	this	class,	half-year	rule	is	applicable;	Depreciation=50%		
depreciation	in	2001	=	($10,000)(0.5)(1/2)	=	$2,500

depreciation	in	2002	=	($10,000)(0.5)	=	$5,000		depreciation	in	2003	=	($10,000-
($2500+$5000))=	$2,500		Sum	of	depreciation	=	$10,000
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(c)	2001	Contemporary	Engineering		
Economics 33

Sum-of-Years’ Digits 
(SOYD) Method

• Principle
Depreciation concept similar to DB but with decreasing  

depreciation rate.

Charges a larger fraction of the cost as an expense of the  early 
years than of the later years.

• Formula
•Annual Depreciation

•Book Value
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(c)	2001	Contemporary	Engineering		
Economics

n Dn Bn
1 (5/15)(8,000)=$2,667 $7,333
2 (4/15)(8,000)=$2,133 5,200
3 (3/15)(8,000)=$1,600 3,600
4 (2/15)(8,000)=$1,067 2,533
5 (1/15)(8,000)=$533 2,000

Example – Sum-of-years’ digits
method

D1

D2

D3

D4

D5

B1

B2

B3

B4

B5

$10,000

$8,000

$6,000

$4,000

$2,000

0
0 1 2 3 4 5

Total depreciation at end oflife

Annual Depreciation

Book Value

I = $10,000
N = 5 years
S = $2,000
SOYD = 15

n
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The	units-of-production	method	can	be	used		
when	the	decrease	in	value	of	the	asset	is		
mostly	a	function	of	use,	instead	of	time.
The	cost	basis	is	allocated	equally	over	the		
number	of	units	produced	over	the	asset’s	
life.		The	depreciation	per	unit	of	production	

is	found		from	the	formula	below.
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ACCELERATED COST RECOVERY  
SYSTEM (ACRS)

• ACRS	recognizes	an	asset	as	belonging	to	one		
of	four	(tangible)	property	classes

• The	Internal	Revenue	Service	(IRS)	is	the	U.S.		
government	agency	responsible	for	tax		
collection	and	tax	law	enforcement.

• IRS	prescribes	the	specific	series	of		
depreciation	per	property	class.

• Rates	are	based	on	150%	Declining	Balance		
depreciation,	later	switching	to	Straight-Line.



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



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

MODIFIED ACCELERATED COST 
RECOVERY  SYSTEM 

(MACRS)

• Used	in	USA.
• It	allows	faster	depreciation.
• MACRS	is	the	principal	method	for	computing		
depreciation	deductions	in	USA	after	1986.

• SVN	is	defined	to	be	0	;	useful	life	estimates		are	not	
used	directly	in	calculating	depreciation	amounts.
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MACRS Table
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Comparison of Different Methods
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There are many different types 
of taxes.

• Income	taxes are	assessed	as	a	function	of	gross	revenues		minus	
allowable	expenses.
Property	taxes are	assessed	as	a	function	of	the	value	of		property	
owned.
Sales	taxes are	assessed	on	the	basis	of	purchase	of	goods	or		services.	
The	tax	amount	is	usually	calculated	by	applying
a	percentage	rate	to	the	taxable	price	of	a	sale.
– e.g.,	Value	added	taxes,	in	which	tax	is	charged	on	all	sales

•

•

• Excise	taxes are	taxes	assessed	as	a	function	of	the	sale	of		certain	
goods	or	services	often	considered	nonnecessities.
– applied	to	a	narrow	range	of	products,	such	as	gasoline	or	alcohol

We will focus on income taxes.
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How to conduct after-tax analysis?

• MARR has to be adjusted.
• After-tax cash flows (ATCFs) should be
computed.

• The same methods (i.e. Equivalent worth
and rate of return methods) can be used by
using the adjusted MARR and ATCFs.
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How	to	adjust	MARR	for	after-
tax	analysis?

Taking	taxes	into	account	
changes		our	expectations	of	
returns	on		projects,	so	our	
MARR	(after-tax)	is		lower.
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Depreciation is not a cash flow, but it affects a  
corporation’s taxable income, and therefore the  

taxes a corporation pays.

Taxable income = gross income

– all expenses except capital invest.

– depreciation deductions.



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



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

EFFECTIVE 
(MARGINAL)  CORPORATE 

INCOME TAX RATE
• Personal/corporate	income	tax	rates	are	based		
on	income	brackets.

• Depending	on	the	bracket	a	firm’s	income	falls		
within,	the	marginal	tax	rate	can	vary	from		
15%	to	a	maximum	of	40%



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

Effective Corporate Income Tax
Rate
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The disposal of a depreciable 
asset can  result in a gain or loss 
based on the sale  price (market 

value) and the current  book 
value

A gain is often referred to as depreciation recapture,  
and it is generally taxed as the same as ordinary  
income. A loss is a capital loss. An asset sold for  
more than it’s cost basis results in a capital gain.
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Capital Gain & Depreciation
Recapture

• Capital	Gain:	If	sale	price	(i.e.,	salvage	or	disposition)	>		
original	purchase	price,	then

• Sale	price	- Purchase	price	=	Capital	gain
• If	sale	price	=	purchase	price,	no	capital	gain.

• Depreciation	Recapture:	If	sale	price	is	higher	than	book		
value,	Depreciation	recapture	applies.

• Depreciation	Recapture	=	(Sale	price	– book	value)(tax	rate)
• Note:	if	sale	price	>	purchase	price,	both	capital	gain	tax	and
Depreciation	recapture	apply
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Capital Gain & Depreciation
Recapture:  Example

•
•
•
•
•

Purchase	price	=	$50,000	five	years	ago.		
Sale	price	=	$60,000
Effective	tax	rate	=	46%		Depreciation	
rate	=	20%		Declining	Balance	method	is	
used

•
•

Capital Gain:
Capital	Gain	=	60,000-50,000	=	$10,000
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Capital Gain & Depreciation 
Recapture:  Example

• Assumed	tax	rate	for	capital	gain	=	(1/2)(effective	income	tax		
rate)
Capital	gain	tax	=	(1/2)(0.46)(10,000)	=	$2,300•

•
•

Depreciation	Recapture:
book	value	after	5	yrs	of	use	=	BV5	=
(50,000)(1- Depreciation	rate	of	0.2)5	=	$16,384
Depreciation	recapture	=	(purchase	price	– BV5)(tax	rate)	=		
(50,000-16,384)(0.46)	=	$15,463.36

•

• Total	tax	on	asset	disposal	=	$2,300	+	$15,463.36	= $17,763.36
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After-tax	economic	analysis	is		
generally	the	same	as	before-
tax		analysis,	just	using	after-tax	
cash		flows	(ATCF)	instead	of	
before- tax	cash	flows	(BTCF).

• The	analysis	is	conducted	
using		the	after-tax	MARR.
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Cash flows are typically determined for  each 
year using the notation below.

Rk = revenues (and savings)  
from the project during period k
Ek = cash outflows during k
for deductible expenses
dk = sum of all noncash, or  
book, costs during k, such as  
depreciation
t = effective income tax rate 
on  ordinary income
Tk = income tax consequence
during year k

ATCFk = ATCF from the project during yeark
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Some important cash flow
formulas.

Taxable income

Ordinary income tax consequences
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TABLE 7-6 ATCF	Analysis	of	Example 7-15



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



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

Figure 7-5 Spreadsheet Solution, Example 7-15
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After-Tax Cash Flow
Analysis

Example:
•For	a	3	year	project,	the	following	estimates	are	provided:
•Purchase	price=$700M.	Resale	(SV)	=$450M.		
Income/yr=$500M. Expenses=$350M/yr.		
Depreciation=20%	(half	yr.	rule	applicable).
•Loan	=	$550M,	to	be	repaid	in	3	years	@	8%	interest	rate.		
Tax	rate	=	40%	and	MARR	(after	tax)	=	9%.
•Find	the	Net	Present	Worth	(after-tax)
•Drop	M	(million)
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Calculations for the ATCF
example:

•
•
•
•

Depreciation	for	Yr.1	=	700(1/2)(0.2)=	70		
Depreciation	for	Yr.	2	=	(700-70)(0.2)=126		
Depreciation	for	Yr.3	=	(700-70-126)(0.2)=100.80		
Book	Value	(at	the	end	of	Yr.3)	=
700	- Sum	of	(70+126+100.80)	=	403.20	<	450	salvage
Since	salvage	>	Book	Value,	Depreciation	recapture		
applies.
Depreciation	recapture=[450-403.20](tax	rate	of	0.4)=
18.72	(	a	tax	is	a	negative	cash	flow	item).

•

•
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Calculations for the ATCF example:
Loan:	principal	=	550;	Interest	=	8%
Equal	annual	payment	A	=	550	(A/P,8%,3)	=	213.42

Yr.1:	Interest=	550x0.08=	44.00;
Principal	=	213.42-44.00	=	169.42

Yr.2:	Balance	of	principal=	550-169.42=380.58;		
Interest=380.58x0.08=30.45;
Principal=213.42-30.45	=	182.97
and	so	on..
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Calculations for the ATCF
example:

Taxable	Income	= income-expenses-depreciation-interest

Taxable	Income	for	Yr.1=	500	– 350	– 70	– 44	= 36.00

Taxable	Income	for	Yr.2=	500	– 350	– 126	– 30.45	= -6.45

And	so on..
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Calculations for the ATCF example:
Tax	@	40%	=	(Taxable	Income	in	each year)(0.40)
For	Yr.	1:	36x0.4	= 14.40
For	Yr.2:	-6.45x0.4	= -2.58
And	so on..

After	Tax	Cash	Flow	(ATCF)	=	Income-Expenses-Loan repayment-Tax

After	Tax	Cash	Flow	for	Yr.1:	500	– 350	– 213.42	– 14.40= -77.82
After	Tax	Cash	Flow	for	Yr.2:	500	– 350	– 213.42	– (-2.58)	= -60.84
And	so on..
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Finally
NPW

• By considering After Tax Cash Flow values:

• NPW= (-700+550) - 77.82(P/F,9%,1) -
60.84(P/F,9,2) + (-76.78+450.00-
18.72)(P/F,9%,3)

• = $1.14M	(Feasible)
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Depreciation Rates for
Turkey

Source: www.gib.gov.tr (Gelir İdaresi Başkanlığı web sitesi)

http://www.gib.gov.tr/

