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5. Engineering economics
1. Introduction
2. Time value of money
3. Planning horizon and minimum attractive rate of return
4. Present worth analysis 
5. Summary

Text
White, Case, and Pratt, Principles of Engineering Economic Analysis, 5th ed., Wiley
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5.1. Introduction
Engineering economic analysis is a combination of quantitative and qualitative techniques to
analyze economic differences among engineering alternatives in selecting the preferred design.
The cash flow approach is one of the major approaches in the engineering economic analysis. A
cash flow occurs when money actually changes hands from one individual to another or from
organization to another.
 The individual events (transaction) of the cash flow (money received and money spent or

paid) are distributed in time.
 The value of a given sum of money depends on both the amount of money and the point in

time when the money is received or paid.
Any quantitative measure of the value of a given sum of money on both the amount of money
ant time of transaction can be called time value of money (TVOF).
Examples of TVOF: Interest rate, discount rate, hurdle rate, minimum attractive rate of return,
cost of capital.
The four simple rules allow one to reduce the transactions distributed in time to the same
instant:
1. Money has a time value.
2. Money cannot be added of subtracted unless it occurs at the same point(s) in time
3. To move money forward one time unit, multiply by one plus the discount or interest rate
4. To move money backward one time unit, divide by on plus the discount or interest rate.
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5.1. Introduction
The procedure of application of these rules is known as discounted cash flow (DCF).
The DCF allows one to reduce all individual transaction to a single time instant. The overall sum
of these transactions calculated in terms of the time value of money is called the economic
worth. Different actual measures of the economic worth can be used depending on the
problem.
Roughly, the economic analysis implies calculation of the economic worth for all investment
alternatives and choosing the option (or design) that the largest economic worth.
The systematic economic analysis technique implies solving the problem as a sequence of
following steps
1. Identify the investment alternatives [What investment alternatives are available?]
2. Define the planning horizon [What is the length of time over which the decision is to be

made?]
3. Specify the discount rate [What TVOM will be used to move money forward or backward in

time?]
4. Estimate the cash flow [What are the best estimates of the cash flows for each of the

alternatives?]
5. Compare the alternatives by calculating the economic worth [Which criterion seems best,

based on the economic criterion chosen?]
6. Perform supplementary analysis [How sensitive is the economic preference to changes in or

errors in the estimates used in the analysis?]
7. Select the preferred investment.
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5.1. Introduction
Examples of the cash flow diagrams for two investments alternatives (see example 2.1 on page
38):

The alternative B is economically preferred.
Why?
In order to solve such problems we can use a principles of economic analysis, which are the
experience‐based rules for maximizing the profit.
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5.0. Introduction

See the extended discussion of these principles in pages 6‐8.
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5.2. Time value of money
 Cash flow diagrams
 Simple interest calculations
 Compound interest calculations
 Simple/multiple cash flows
 Example: Determining the present worth of a gradient series

Reading assignment
White, Case, and Pratt, 2.1‐2.5
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5.2. Time value of money
In this section, we consider how to calculate the time value of money (TVOF) at different times.
The technical approaches for such calculations are based on three simple rules:
1. Money cannot be added of subtracted unless it occurs at the same point(s) in time
2. To move money forward one time unit, multiply by one plus the discount or interest rate
3. To move money backward one time unit, divide by on plus the discount or interest rate.
 Cash flow diagrams (CFDs) helps to analyze the TVOF.
 CFD shows received (+) and spent (‐) money vs. time.
 Two reasons to use CFD:

 CFDs are powerful communication tool.
 CFDs can help in identification of significant cash flow patterns within a sequence of

economic transactions.
Uniform series Gradient series
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5.2. Time value of money
 Calculations of the time value of money is based on the establishing (postulating) a

relationship between the present (current) value of a single sum of money and its future
values after a single year or a fraction of an year.

 Such relationships are often postulated using the interest rates.
Notation

ܲ, present value of money (value of money at a time when they are received or spent).
݊, number of years = planning horizon.
,ܨ future value of ܲ after ݊ years (accumulated value of ܲ over ݊ years).
݅, annual interest rate, i.e. the change in the value for $1 over 1‐year period.
ܫ ൌ ,ሺܲܫ ݅, ݊ሻ, accumulated interest in borrowing and landing transactions

ܨ ൌ ܲ  ,ሺܲܫ ݅, ݊ሻ
Simple interest calculations

In simple interest calculations, ܫ is assumed to be a linear function of time:
ܫ ൌ ܲ݅݊, 			 ܨ ൌ ܲ 1  ݅݊ ൌ ିଵܨ  ܲ݅

Compound interest calculations
In compound interest calculations, the interest rate ݅	is the rate of change in the accumulated
value of money

ܨ ൌ ିଵܨ  ିଵ݅ܨ ൌ ିଵܨ 1  ݅ ൌ ିଶܨ 1  ݅ ଶ ൌ ⋯ ൌ ܲ 1  ݅ 
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5.2. Time value of money

ܫ ൌ ܨ െ ܲ ൌ ሺܨെܨିଵሻ  ሺܨିଵ െ ܲሻ ൌ ⋯ ൌ݅ܨ௧ିଵ



௧ୀଵ

												ሺܨ ൌ ܲሻ

These equations for ܨ and ܫ can be immediately applied to a single cash flow, i.e. to a single
borrowing/lending transaction ܲ made at time 	ݐ ൌ 	0.

Now let's consider  multiple cash flow with compound interest calculations:
We have multiple borrowing/lending of amounts of money ௧ܣ made at times ሺൌݐ 0,1, . . , ݊ሻ.
For a given planning horizon ݊, since these transactions are made at different times, we can be
interested in both present (ܲ ൌ ሻܨ and future ܨ) ൌ ሻܨ worth.

ݐ ൌ 3
ଷܣ ൌ $30,000

For multiple cash flow, the total ܲ	of ܨ accounts for
independent contributions of all individual transaction
with exponents ݊ െ ݐ or െݐ that give the actual number
of years between the time of transaction and present or
future time.

ܲ ൌ ሺ1ܣ  ݅ሻ⋯ ܣ 1  ݅ ି ൌܣ௧ሺ1  ݅ሻି௧


௧ୀ

ܨ ൌ ሺ1ܣ  ݅ሻ⋯ ܣ 1  ݅  ൌܣ௧ሺ1  ݅ሻି௧


௧ୀ



ME 349, Engineering Analysis, Alexey Volkov 10

5.2. Time value of money
Example 1: Doubling your money; Rule of 72



ME 349, Engineering Analysis, Alexey Volkov 11

5.2. Time value of money
Example 2: Computing the present worth of a series of cash flows
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5.3. Planning horizon and minimum attractive rate of return
 Uncertainties in the engineering economic analysis
 Planning horizon
 Minimum attractive rate of return
 Weighted average cost of capital

Reading assignment
White, Case, and Pratt, 4.1‐4.4
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5.3. Planning horizon and minimum attractive rate of return
Engineering economic analysis includes many uncertainties.
For instance, calculations of the present or future worth considered in section 6.1, require the
following input data
 Cash flow events, individual transactions, their amounts and times.
 Planning horizon ݊.
 Some parameter like annual interest rate ݅ that controls the time value of money (TVOF).
Usually decisions regarding the cash flow events (transactions) are quite definitive, since they
are dictated by purchases of requited materials and supplies, production circles, etc.
On the contrary, decisions regarding the other two parameters, planning horizon and TVOF, for
many real‐life problems include a lot of uncertainties. Decisions regarding these parameters are
often made empirically, based on the experience.

In this section, we will consider semi‐empirical rules that help us to make decisions regarding
the choice of planning horizon and TVOF.

It is worth noting that due to uncertainties in input parameters, the best practice of the
economic analysis requires not only comparison of all economic alternatives (e.g. different
engineering designs), but also an analysis of sensitivity of the results (e.g., present or future
worth) to the variation of the uncertain parameters (e.g. ݊ or ݅).
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5.3. Planning horizon and minimum attractive rate of return
Planning horizon

 Planning horizon, the length of time over which the decision is to be made, is usually counted
in years.

 The choice of the planning horizon usually becomes non‐trivial if different economic
alternatives have unequal lives.

 In this case, there are six general approaches in determining the planning horizon length:

or 5 years

Two most 
popular 
choices
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5.3. Planning horizon and minimum attractive rate of return
Example: See page 203
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5.3. Planning horizon and minimum attractive rate of return
Minimum attractive rate of return

Calculations of TVOF use an interest rate to the compound (move forward in time) or discount
(move backward in time) cash flows.
The question is: What is the minimum interest rate that makes any investment viable?
Such an interest rate we call theminimum attractive rate of return (MARR).
The adopted value of MARR depends on many factors like type of the business etc. There are,
however, some general rules that allows to roughly estimate MARR. These general rules are
based on the fact that any investment will consume some portion of a firm's scarce resources
and it is important for the investment to earn more than it costs to obtain the investment
capital. It is important that
 MARR should be greater than the cost of capital, i.e. a firm's cost of obtaining capital.
 MARR should reflect the opportunity costs associated with investing in the candidate

alternative as opposed to investing in other available alternatives.
Thus, the lower limit for the MARR is a firm's cost of capital.
The problem is that a company usually has available multiple source of capital: Loans, bonds,
stocks, etc.
In order to estimate the MARR, we need a rule that allows us to reduce all these sources of the
capital to single average value which is called the weighted average cost of capital (WACC).
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5.3. Planning horizon and minimum attractive rate of return
Weighted average cost of capital

 There are a lot of rules that allows one to estimate the individual contributions of various
debts (loans, bonds, etc.) and equities (various stocks, etc.) to the firm's total debt and
equity, see pages 207‐212 (not necessary for the exam).
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5.4. Present worth analysis
 Measures of economic worth
 Present worth: Single alternative
 Present worth: Multiple alternative
 Payback periods

Reading assignment
White, Case, and Pratt, 5.1‐5.7
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5.4. Present worth analysis
There are nine methods to calculate the economic worth

In this sections, we will consider only the present worth analysis
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5.4. Present worth analysis
Present worth: Single alternative

ܹܲ ൌܣ௧ሺ1 ܴܴܣܯሻି௧


௧ୀ

Example: A single investment opportunity
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5.4. Present worth analysis
Present worth: Multiple alternatives

Ranking approach (Applied when we are going to choose the preferred alternative among
mutually exclusive alternatives): Choose the one with the greatest PW over planning horizon

Maximize
for	all	݆ ܲ ܹ ൌ ܣ௧ሺ1  ሻି௧ܴܴܣܯ



௧ୀ
Example: Choosing between two alternatives
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5.4. Present worth analysis
Payback period

Discounted payback period (DPBP) for a investment is the time required for an investment to be
fully recovered, including the time value of money, its the time required for a cumulative
present worth to equal 0.
In order to calculate DPBP, we need to plot present worth vs. investment year. The year in which
the cumulative present worth equals 0 is the DPBP.

Payback period (PBP) is the DPBP that does not incorporate the TVOM.
Example:

DPBP=7 years
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5.5. Summary
For the exam we must know how
 To formulate the basic steps of the systematic economic analysis technique.
 To formulate the basic principles of the engineering economic analysis.
 To plot the cash flow diagrams.
 To choose the planning horizon and minimum attractive rate of return.
 To calculate the weighted average cost of capital
 To calculate the present and future worth for multiple cash flow and given compound annual

interest rate.
 To use ranking approach in order to compare multiple investment alternatives.
 To give definitions of the discounted payback and payback periods.
 To calculate the payback period.


