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Why Engineering Economy is Important to
Engineers

“+ Engineers design and create
++ Designing involves economic decisions

“+ Engineers must be able to incorporate economic
analysis into their creative efforts

s+ Often engineers must select and implement from
multiple alternatives

“* Understanding and applying time value of money,
economic equivalence, and cost estimation are vital
for engineers

“* A proper economic analysis for selection and
execution is a fundamental task of engineering
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Time Value of Money (TVM)

Description: TVM explains the change in the
amount of money over time for funds owed by
or owned by a corporation (or individual)

> Corporate investments are expected to earn a return
> Investment involves money
> Money has a ‘time value’

The time value of money is the most
important concept in engineering
economy
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Engineering Economy

1 Engineering Economy involves
» Formulating
» Estimating, and
» Evaluating

expected economic outcomes of alternatives
designed to accomplish a defined purpose

] Easy-to-use math techniques simplify the
evaluation

] Estimates of economic outcomes can be
deterministic or stochastic in nature
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General Steps for Decision Making Processes

Sl = e

Understand the problem — define objectives
Collect relevant information

Define the set of feasible alternatives
Identify the criteria for decision making

Evaluate the alternatives and apply
sensitivity analysis
Select the “best” alternative

Implement the alternative and monitor
results
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Steps in an Engineering Economy Study

Step in
study

Problem Ohjective
description statement

|

]
Available data

Une or more approaches
to meet objective

= Alternatives for
solution

[ Expected life

= Revenues
Cash Alows and
3 . -'-l—-< Costs
other estimates
Taxes

|_Project financing

Y

4 Measurcof worth\ | pw poR, BIC, ete.
eriterion
L |
5 Engineering
’ economic analysis Consider-
» Noneconomic factors
e . .
¥ * Sensitivity analysis
P Best alternative * Risk analysis
selection
¥
- Implementation
! and monitoring
+ e / 'ﬁm:._\\.
| Mew problem New engineering

-+— ecconomy study

description :
begins
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Ethics - Different Levels

» Universal morals or ethics — Fundamental
beliefs: stealing, lying, harming or murdering
another are wrong

> Personal morals or ethics — Beliefs that an
individual has and maintains over time; how a
universal moral is interpreted and used by
each person

» Professional or engineering ethics — Formal
standard or code that guides a person in work
activities and decision making
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Code of Ethics for Engineers

All disciplines have a formal code of ethics. National Society of
Professional Engineers (NSPE) maintains a code specifically for
engineers; many engineering professional societies have their own code

National Socilety of
Profassional Engineerss

Code of Ethics for Engineers

Preamble

Engineening 1= an mmoportant and leamed profession As members of ths
profession, engineers are expected to exlubit the highest standards of honesty
and miegrity. Engineenng has a direct and vital impact on the quality of hie for
all people.  Accordmgly, the seraces provided by enginesrs requre homesty,
imnpartiality, fatmess, and equuty, and st be dedicated to the protection of the

4 Engmeers shzall act for each emplover or client as farthful agents or
trustees.

a.

Engineers shall disclose zll knowm or potential conflicts of inferest
that could mmfluence or appear to mfluence thewr judgment cr the
quality of their serices.

. . E : Jard b. Enmmneers shall not accept compensation financial or otheranse,
':'u}:}h‘_:_hﬂlh-}_ ﬂfm and w&]fz_m._ = st perform s N - D:F‘ from peote than one party for senices on the same project, or for
professional behanaor that requires adherence to the lnghest prmeiples of etlacal R irrine fo the 5 project, umless the cir -
conduct. fully dizclosed and agreed to by all interasted parties.

) c. Engmesrs shall not sobeit or accept financial or other valuable

L Fund ;'m";_“[é":i La nons £ thei fssi . consideration, dmectly or inditectly, from outmide agents m
Znznser fulfillment of thew pro ::-1»:3('_31_ duries, zhall: ) comnecton with the work for winch they are responsible.

Hold paramount the safety, bealth, and welfare of the public. d Engsnesrs m public semice as members, advisors, or emplovess

Perform services only mn areas of their competence.

Izzue public statements only 1n an objectrve and truthfiul manner.

Act for each emplover or chent as farthful agents or trustees.

Avord deceptive acts.

Conduct themselves honorably, responsibly, ethically, and
lawfully s0 as to enhance the honor, reputation, and usefulness
of the profession.

o e g

IT. Rules of Practice
1. Enginesrs shall hold paramount the safety, health and welfare
ufﬁepin_]i{:.

of a2 governmental or quasi-governmental body or department shall
not participate In decisions with mespect to services solicited or
provided by them or their orgemzations m provate or public
enFnesnng practice.

Engineers shall not solicit or accept a contract from a governmental
body on whuch a2 pnneipal or officer of thenr crgamization serves as
a member.

5. Engmeers shall aveid deceptive acts.

a.

Engsineers shall mot falsify  their qualifications or permmt
musrepresentation of thewr or thewr associates’ quahifications. They
shall not musrepresent or exaggerate therr responsibility i or for the



Interest and Interest Rate

1 Interest — the manifestation of the time value of money
* Fee that one pays to use someone else’s money

- Difference between an ending amount of money and
a beginning amount of money

> Interest = amount owed now - principal

- Interest rate — Interest paid over a time period expressed
as a percentage of principal

>
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Rate of Return

J Interest earned over a period of time is expressed as a
percentage of the original amount (principal)

interest accrued per time unit
P x 100%

Rate of return (%) = .
original amount

«» Borrower’s perspective — interest rate paid

“* Lender’s or investor’s perspective — rate of return earned
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Interest paid

Repayment

+ 1mterest

Interest rate

Borrower

Interest earned

Repayment
-+

Investor + Interest

Corporation

Rate of return
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Commonly used Symbols

t = time, usually in periods such as years or months

P = value or amount of money at a time ¢t
designated as present or time 0

F = value or amount of money at some future
time, such as at t = n periods in the future

A = series of consecutive, equal, end-of-period
amounts of money

n = number of interest periods; years, months

| = interest rate or rate of return per time period;
percent per year or month

1-13




Cash Flows: Terms

] Cash Inflows — Revenues (R), receipts,
incomes, savings generated by projects and
activities that flow in. Plus sign used

] Cash Outflows — Disbursements (D), costs,
expenses, taxes caused by projects and
activities that flow out. Minus sign used

1 Net Cash Flow (NCF) for each time period:
NCF = cash inflows — cash outflows =R -D

J End-of-period assumption:
Funds flow at the end of a given interest period
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Cash Flows: Estimating

v" Point estimate — A single-value estimate of a
cash flow element of an alternative

Cash inflow: Income = $150,000 per month

v" Range estimate — Min and max values that
estimate the cash flow

Cash outflow: Cost is between $2.5 M and $3.2 M

Point estimates are commonly used; however, range estimates
with probabilities attached provide a better understanding of
variability of economic parameters used to make decisions
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Cash Flow Diagrams
What a typical cash flow diagram might look like

Draw a time line

Always assume end-of-period cash flows

| i i . i i
0 i 1 2 s = n-1 n
One time

period

F=$100
Show the cash flows (to approximate scale) 4

| |
0 1 2 . n-1 n

p= $T 80 Cash flows are shown as directed arrows: + (up) for inflow
- (down) for outflow ¥
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Cash Flow Diagram Example

Plot observed cash flows over last 8 years and estimated sale next
year for $150. Show present worth (P) arrow at present time, t = 0

End of Year Income Cost Met Cash Flow
-7 i 0 52500 $—2500
—ib 150 1OHD G630
—5 750 125 625
—4 150 150 00
—3 750 175 575
—2 T30 200 550
—1 750 225 525

0 T30 250 00

I 750 + 150 275 625

3630 se2s 1 } S625
-0 g5 :
B o
T I - T 1‘} 7 _$500
I ! I I I I
—T —€ —5 _4 -3 _2 1 ) Year
S2500
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Economic Equivalence

Definition: Combination of interest rate (rate of
return) and time value of money to determine
different amounts of money at different points
in time that are economically equivalent

How it works: Use rate i and time £ in upcoming
relations to move money (values of P, F and A)
between time points t=0, 1, ..., n to make
them equivalent (not equal) at the rate i
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Example of Equivalence

Different sums of money at different times may
be equal in economic value at a given rate

$110

Rate of return = 10% per year

$100 now

$100 now is economically equivalent to $110 one year from
now, if the $100 is invested at a rate of 10% per year.
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Simple and Compound Interest

] Simple Interest
Interest is calculated using principal only

Interest = (principal)(number of periods)(interest rate)
| = Pni

Example: $100,000 lent for 3 years at simple i =10%
per year. What is repayment after 3 years?

Interest = 100,000(3)(0.10) = $30,000
Total due =100,000 + 30,000 = $130,000
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Simple and Compound Interest

J Compound Interest
Interest is based on principal plus all accrued interest
That is, interest compounds over time

Interest = (principal + all accrued interest) (interest rate)

Interest for time period tis

f, =

JF=ir—1 |
P+ Z I, i)
_': I I

1-21



Compound Interest Example

Example: $100,000 lent for 3 years at i = 10% per
year compounded. What is repayment after 3
years?

Interest, year 1: [, =100,000(0.10) = $10,000
Total due, year1: T, =100,000 + 10,000 = $110,000

Interest, year Z: [, = T10,000(0.10) = $TT,000
Total due, year2: T, =110,000 + 11,000 = $121,000

Interest, year 3: 1, =121,000(0.10) = $12,100
Total due, year 3: T, =121,000 + 12,100 = $133,100

Compounded: $133,100  Simple: $130,000
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Minimum Attractive Rate of Return

Rate
percent

“* MARR is a reasonable rate
of return (percent)
established for evaluating
and selecting alternatives

<+ An investment is justified
economically if it is
expected to return at least

the MARR All proposals must offer

at least MARR to

be considered

» Also termed hurdle rate,
benchmark rate and cutoff
rate

of e

turmn,

i —

-

Range for the rate of retun on

accepted proposals, if other
proposals were rejected

tor some reason

MARR

Rate of return on
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MARR Characteristics

1 MARR is established by the financial
managers of the firm

1 MARR is fundamentally connected to the cost
of capital

] Both types of capital financing are used to
determine the weighted average cost of capital
(WACC) and the MARR

1 MARR usually considers the risk inherent to a
project
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Types of Financing

r——— e e e e e o

1 Equity Financing —Funds either from retained :
earnings, new stock issues, or owner’s |
infusion of money. :

'Q Debt Financing -Borrowed funds from outside
: sources - loans, bonds, mortgages, venture
capital pools, etc. Interest is paid to the lender
on these funds

For an economically justified project
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Opportunity Cost

= Definition: Largest rate of return of all projects not
accepted (forgone) due to a lack of capital funds

= |f no MARR is set, the ROR of the first project not undertaken

establishes the opportunity cost
>

<€

Example: Assume MARR = 10%. Project A, not
funded due to lack of funds, is projected to
have ROR, = 13%. Project B has ROR; = 15%
and is funded because it costs less than A

Opportunity cost is 13%, i.e., the opportunity to
make an additional 13% is forgone by not
funding project A
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Introduction to Spreadsheet Functions

Excel financial functions

Present Value, P: = PV(i%,n,AF)
Future Value, F: = FV(i%,n,A,P)
Equal, periodic value, A:  =PMT(i%,n,P,F)
Number of periods, n: = NPER((i%,A,P,F)

Compound interest rate, i: = RATE(n,A,P,F)

Present value, any series, P: = NPV(i%,second_cell:last_cell) * first_cell

Example: Estimates are P=$5000 n=5years i=5% per year
Find Ain § per year
Function and display: = PMT(5%, 5, 5000) displays A = $1154.87

1-27



Chapter Summary

] Engineering Economy fundamentals

< Time value of money

+» Economic equivalence

* Introduction to capital funding and MARR
<+ Spreadsheet functions

] Interest rate and rate of return
+» Simple and compound interest

] Cash flow estimation
< Cash flow diagrams
+» End-of-period assumption
** Net cash flow
*» Perspectives taken for cash flow estimation

] Ethics

+» Universal morals and personal morals

+» Professional and engineering ethics (Code of Ethics)
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