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ECONOMIC ANALYSIS AND '
LIFE CYCLE COSTING ~

@ Mandatory section with 20 questions.

I Useful material for our professional and personal lives.
™ Two hours only, thus brief coverage and simplifying
assumptions. }
™ Money today is worth more than that same amount at a future \
date.

M Example: You win the lottery (congratulations). You are offered
$100,000 today or $X at the end of every year for the next 10 years.
Ignoring taxes, how much would X have to be for you to choose

that option? Your investment portfolio is averaging 15% return pel
year.

ECONOMIC ANALYSIS AND
LIFE CYCLE COSTING

A Engineering Economy and Economics

1.Several questions on basic economics.

2. Several problems on simple engineering economy.

3.Several problems requiring command of engineering economy

(internal rate of return, present worth, after tax cash flows, etc.).
Simplifying assumptions

1.Most problems involve an investment now (T=0) with annual savil
(cost) each and every year for the life of the project.

2.The life of the project and the equipment life will be given and t
will usually be equal.

3.The cash flow frequency and the compounding periods will matcl
and will usually be annual.

TERMS USED IN THIS COURSE

™ TERMS: For this course, the following terms are important.
Some texts may use different terms but these are simpli ed.‘z

1. Interest rate, discount rate, minimum attractive rate of
return (MARR)—all mean the interest rate to use in the
calculation.

2. Rate of return, return on investment, and internal rate of
return—all mean the “interest rate where the present wortl
of the investment equals the present worth of the savings. q




TERMS USED IN THIS COURSE

™ Simple Payback (SPB or SPP) is the number of years befor

the savings “payback” the investment.
SPB = Investment/ Net Annual Savings Example: A project‘z
has an investment of $100,000. Savings per year are $22,00 04
but added maintenance because of the project is $2000.
What is the SPB?

Note: SPB does not consider interest and ignores what happens after the payback period. Thus, Sf
an accurate decision criterion; but everys it (or think they do) and will likely alwa
around. Used in proper fashion, SPB is not a bad “first cut” tool.

I Salvage Value is the value of the equipment at the end ©
project life. Sometimes salvage value is positive and sometirr
it is negative. Salvage value is usually ignored in this sectic

TERMS USED IN THIS COURSE

™ Cash Flow Diagram (CFD). The CFD is a drawing depicting
the cash flows for the life of the project. It is essential for
people new to this material to draw the CFD each and ever

time.
1), Always dra h flow diagrams l I
end of year
Cashflowin  Cash flow out
) “ ©

“P” represents a Present cash flow. May be (+) or (-)

TERMS USED IN THIS COURSE
} A
- N “A” represents an Annual cash flow.

May be (+) or (-). Starts at end of year 1 and
Continues through life of project (simplifying
assumption).

' ' } “F” represents a Future cash flow. May be (+)

or (-). Occurs at end of some future year
01 2 3 4 N (usually end of project).




TERMS USED IN THIS COURSE

In almost all engineering economy problems, all of the following are knowr
except for one. Solving for it completes the problem.

P,A,LN Where | is known as the interest rate, discount factor, minimum
attractive rate of return, or (in some cases) internal rate of return.

3) Factors are tabulated in all Economy texts
What | want to know What I do know

\ RN /

P/A,I,N
( )

“Find P given that A,l and N are known”

TERMS USED IN THIS COURSE

Find Given Factor Other Title for
Factor

F P FIP,I,N SPCA

P F PIF, I, N SPPW

F A FIA,I,N USCA

A F AF,I,N SFP

A AP, I,N CR

P A P/IA,I,N USPW

SAMPLE PROBLEM

a) A boiler economizer will cost $20,000 installed. How much will it have to save each year
(life = 5 years) to return 12%? Here, P = $20,000, | = 12%, N=5,A=?

‘ i=12%
P= A=t -, w125
250 A= 520,000 027741 = 86548 poryear
DR
b) A new lighting system will save $5000 per year. How much can | pay
and still get a 15% rate of return? Life = 6 years.
A=$5000/yr,1=15%,N=6,P =2

253

A= 55000 1= 15% A pmsss
P=55,000 (37845) = 318,022

123 45N




SAMPLE PROBLEM

) At some interest rate the present worth of the investment (P) is exactly equal to the present worth of the annual savings
(P/A, 1, N). This is known as the internal rate of return.

Example—What is the internal rate of return for installing a waste
heat recovery system, given:

First Cost = $100,000, Life = 20 years, Annual Savings = $30,000
P=100000

. isr P A
00ear 17 5100,000 = $30.000 (PIAL 20)
Ths (PIA1,20) = 3.333

e sz s
Now, search the different interest tables until
you find the | where (P/A,IN) = 3.333:

1= IRR = 30% (almost)

Hint: For IRR a good start is try | = A/P.
In our example, | = $30,000/$100,000 = 30% which is an upper limit for IRR.

For long p ds of time (n = 20 or more) and high | this will be very close. For shorter n and
smaller |, it is only a start and IRR will be less than | = A/P.

SAMPLE PROBLEM

Present Worth Analysis
Two insulation thickness are proposed. The cost and
savings vary as shown below. Which is better if a return of
15% is required?

Thickness  Cost Yearly Savings  Life
3cm $10,000 $3,000 5years
5cm $15000 $4,500 5years
Cash Flow P
" A
Diagrams $10,000 $3,000/year
[ A R ! i=15%
0 1 2 3 4 5

P A
$15,000 $4,500/year
2 [ i=15%

0 1 2 3 4 5
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SAMPLE PROBLEM

Hence, we calculate an equivalent “P” for each. If P>0, it is attractive. If both P’s are greater

than zero, choose the one that is the maximum. We call that equivalent P the “Present

Worth (PW).”
PW(0) =0

A P/AJ5S
PW/(1)= 10,000 + 3,000 (3.352) = $56

A P/A15,5

PW(2) = -15,000 + 4,500(3.352) = $84

P2 > P, 50,5 cm is better.

This is called the “Present Worth” Method




SAMPLE PROBLEM

Find Given Factor Other Title for
Factor

F P FIP,I,N SPCA

P PIF, I, N SPPW

F A FIA, I, N USCA

A F AF,I,N SFP

A AP, I,N CR

P A PIA, I, N USPW

SAMPLE PROBLEM

What if Alternative 2 lasted 8 years and Alternative 1 lasted 5 years?

St0000  syo0oyar
1 B

R
v Iy
$15000  s4s00year
2 i=tn
N P oaplas’ 2045 B 78
AW(1)= 3000 - 10,000 (0.2983) = 17 If unequal lives, use
<Least i for
+ AW instead of PW

A amss
AW(2) = 4500 - 15,000(0.2229) = 1156

heat and power DG system saves $10,000 per year. The  Selution:
the project is 7 years. At a discount rate of 10%, what is NPV = A x [P/A, I, N] - Cost

NPV = $10,000 * [P/A, 10%, 7] - $30,000

NPV = PV (savings) - PV(cost)

Solution: = $10,000  4.8684 - $30,000
NPV =A « [P/A, I, N] - Cost = $48,684 - $30,000
=$10,000 * [P/A, 10%, 7] - $30,000 = 418,684
=$10,000 -$30,000

NPV >$0 so it is a good project.

SIR DECISION CRITERION

™ SIR is the Savings to Investment Ratio

™ The Savings is in Present Value

™ The Investment or Cost is in Present Value (now)
™ If SIR > 1, the project is cost effective

™ The bigger the SIR, the better the project

™ SIR and BCR are the same criteria




SIR DECISION CRITERIO

Find the SIR for the CHP system example on I-17. Is this a good project?
Use Previous Calculations
SIR =
PV (savings)
PV (costs)
_ $48,684
$30,000
=1.623

SIR =

SIR = This is a good project.

LIFE C E COST EXAMPLE

A Rhino genset costs $30,000 to buy and costs $15,000/year to operate
over its 10-year life. An Elephant genset costs $40,000 to buy and costs

$12,000/year to operate. Which genset has the lowest LCC at a 10% z
discount rate? LCC = PV(purchase cost) + PV(operating cost) 7
Solution :
LCC Rhino = $30,000 + $15,000 [P/A, 10%, 10]

LCC Elephant = $40,000 + $12,000 [P/A, 10%, 10]
LCC Rhino = $30,000 + $15,000 [P/A, 10%, 10]
=$30,000 + $15,000 (6.1446)
=$122,169
LCC Elephant = $40,000 + $12,000 [P/A, 10%, 10]
= $40,000 + $12,000 (6.1446)
=$113,735
Elephant DG system has the lowest life cycle cost

RANKING PROJECTS

Note: Ranking Projects by Net Present Worth is more accurate than
ranking by IRR (which may yield a different ranking). This is because we

assume we “will keep investing as long as we get MARR or greater.”




AFTER TAX ANALYSIS

™ Tax policies are very different in various countries. But they are

important in the economic analysis of energy projects.

™ Many tax policies are similar, and involve tax deductions for private

companies paying interest on borrowed money for projects.

™ For capital projects, the capital cost deductions are usually spread
out in time using depreciation. We only look at straight line

depreciation here.

AFTER TAX ANALYSIS

I Depreciation

= It is not a cash flow
= Is only used when taxes are involved
= Usually straight line depreciation is used
ATCF = ATS = S - [(S-D) X TR]
I S = Before tax annual savings, TR = tax rate
™ D = Depreciation per year, ATS = After tax savings,
[ ATCF = After tax cash flow = ATS

AFTER TAX SAVINGS EXAMPLE

A new absorption chiller costing $100,000 is installed in a CHP system for
building, and produces savings of $20,000/year. If the chiller lasts 10 years
and the corporate tax rate is 40%, what is the After Tax Savings? Use ‘q’

straight line depreciation.

Solution: ATS=S-[(S- D) TR] = ATCF
ATCF =S-[(S-D)xTR]
20,000 $100,000
$T - $10TJ x 0.40}
=$20,000/ yr —$4,000/ yr
=$16,000/yr

=$20,000/yr— [(




TIME VALUE OF MONEY - PROBLEM SESSION

1) A vendor proposes a retrofit lighting system. The system will cost $100,000 installe
but it will save $15,000 per year for the next 10 years. Your minimum attractive ratébf
return (interest rate) is 10%. Calculate the present worth of the cash flow. Is this

Session

2) A heat wheel can be installed on your exhaust air system to preheat the make up ai
The installed cost is $15,000 and the unit has an economic life of 10 years. How mu

must it save each year to return 15%?

3) A can bei on your refrigerator system to obtain free hot
You estimate you can heat 150,000 litres of water per year from 15°C (city water ent
temperature) to 60°C. This will replace a natural gas water heater that operates
efficiency. You pay $10.00 per GJ for your gas. The unit has an economic life of 5 year

How much can you pay for that unit and obtain a return of 12%?

i

sezhers

INTEREST TABLES FOR ECONOMIC ANALYSIS i‘q




INTEREST TABLES FOR ECONOMIC ANALYSIS

INTEREST TABLES FOR ECONOMIC ANALYSIS
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