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ECONOMIC ANALYSIS AND
LIFE CYCLE COSTING

SECTION I

ECONOMIC ANALYSIS AND
LIFE CYCLE COSTING

 Engineering Economy and Economics
1. Several questions on basic economics.q
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 

savings (cost) each and every year for the life of the project.savings (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 they will usually be equal.
3. The cash flow frequency and the compounding periods will 

match and will usually be annual. 

Section I - 2
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TERMS: 
SOME TEXTS MAY USE DIFFERENT TERMS.

1. Annuity (A) – a series of equal cash 
flows that occur evenly spaced over time  flows that occur evenly spaced over time. 
For this course we use ordinary 
annuities, meaning that cash flows occur 
only at end of year. A is also known as 
the Annual Amount (most often a 
savings).

2. Depreciation - Amount of economic value 
that is used up during the accounting 
period. Depreciation is not a cash flow. It is for 
accounting purposes only.

Section I - 3

3. Future Value (F) – the value of a single 
deposited amount or a series of payments at 
some point in the future.

4. Internal Rate of Return (IRR) - The discount 
rate at which the present value of a project 
costs equals the present value of the project 
savings.

Section I - 4
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5. Minimum acceptable rate of return (MARR) 
– The rate determined to be the minimum 
allowed for investments/ projects approved 
by a Company  (desired interest rate  hurdle by a Company. (desired interest rate, hurdle 
rate, discount rate) 

6. Net Present Value (NPV) - The difference 
between the present value of an investment’s 
future net cash flows and the initial future net cash flows and the initial 
investment (if NPV is zero, the project would 
equate to investing the same amount of 
dollars at the desired rate)

Section I - 5

7. Present Value (P) – the value of a future 
amount in today’s dollars. 

*****Important  Some Financial texts use Present Worth Important  – Some Financial texts use Present Worth 
(PW) which is equivalent to Present Value

Also, Annual Value (AV) may be called Annual Worth 
(AW) by other texts

Section I - 6



4/19/2012

4

8. Simple Payback (SPB) - amount of time for a project to 
pay for itself while excluding the time value of 
money.

SPB = Investment/ Net Annual Savings
E l  A j t h   i t t f Example: A project has an investment of 
$100,000. Savings per year are $22,000 but 
added maintenance because of the project is 
$2000. What is the SPB?

Note: SPB does not consider interest and 
ignores the time value of money. Thus, SPB is 
not an accurate decision criterion; but 
everyone understands it (or think they do) everyone understands it (or think they do) 
and will likely always have it around. Used in 
proper fashion, SPB is not a bad “first cut” 
tool. 

Section I - 7

9. Salvage Value is the value of the equipment 
at the end of the project life. Sometimes 
salvage value is positive (sell it) and 
sometimes it is negative (pay to remove or sometimes it is negative (pay to remove or 
dispose it). Salvage value is usually ignored in 
this section. 

Section I - 8
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 Cash Flow Diagrams (CFD). The CFD is a drawing 
depicting the cash flows for the life of the project. 
This can be helpful for people that are new to this 
material to draw the CFD. 
C h fl  di1) Cash flow diagram

0     1      2     3     4       etc.   

end of year

Cash flow in
(+)

Cash flow out
(-)

2)      Cash flow diagram  
P

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

0     1      2     3     4                      N      

Section I - 9

0     1      2      3      4                        N

A

“A” represents an Annual cash flow.
May be (+) or (-). Starts at end of year 1 and 
Continues through life of project (simplifying
assumption).

0     1      2      3      4                        N

F

“F” represents a Future cash flow. May be (+)
or (-). Occurs at end of some future year
(usually end of project).

Section I - 10
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FACTORS GIVEN IN INTEREST TABLES

Find Given Factor Other Title for 
Factor

F P F/P, I, N SPCA

P F P/F, I, N SPPW

F A F/A, I, N USCA

A F A/F, I, N SFP

A P A/P, I, N CR

P A P/A, I, N USPW

Section I - 11

In almost all engineering economy problems, all of the following are known

except for one. Solving for it completes the problem. 

P,A,I,N Where I is known as the interest rate, discount factor, minimum 

acceptable rate of return  or (in some cases) internal rate of returnacceptable rate of return, or (in some cases) internal rate of return.

Factors are tabulated in all Economy texts

What I want to know Given What I do know

- / - , I, N

( )

P/A, I, N

( )

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

Section I - 12
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Finding Savings Required and Cost examples
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, I = 12%, N = 5, A = ?

P  

i = 12%
A = ?

1 2    3    4    N

P = 
20,000

A  ?
P              (A/P, 12%, 5)

A = $20,000 (0.27741) = $5,548 per year

b) A new lighting system will save $5000 per year. How much can I 
pay and still get a 15% rate of return? Life = 6 years.

A = $5000/yr, I = 15%, N = 6, P = ?

1    2    3    4    5    N

A       (P/A, 15%, 6)
P = $5,000 (3.7845) = $18,922

P = ?
A = $5000  i = 15%

Section I - 13

c) Net Present Value Analysis

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

Thickness Cost Yearly Savings Life
1” $10,000 $3,000 5 years
2” $15,000 $4,500 5 years

Cash Flow
Diagrams

1 
$10,000 $3,000/year

i = 15%

P A

0       1       2      3     4     5

2
$15,000 $4,500/year

0       1       2      3     4     5

P A

i = 15%

Section I - 14
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Calculate the NPV for each: 
NPV = PVsavings – PVcost
NPV = annual savings *(P/A,I%,N) - Cost

NPV(0) = 0   (The do nothing project)NPV(0) = 0   (The do nothing project)

A  (P/A, 15%, 5)   Cost

NPV(1) =    3,000 (3.352) – 10,000    =    $56

A   (P/A, 15%, 5)     Cost

NPV(2) =     4,500 (3.352) – 15,000    =    $84

NPV(2) > NPV(1), so project two with 2 inches of 
insulation is more attractive. 

Section I - 15

d) Annual Value
What if Alternative two lasted 8 years and Alternative one lasted 5 

years?

1 P = $10,000 A = $3,000/year

i = 15%

0       1       2      3     4     5

2

A = 
$4,500/year

0       1       2      3     4     5      6     7     8

P = $15,000

i = 15%

Since the project life spans are different, we calculate the Annual Value of 
Each Project using the formula below, and then compare the two AV’s:

AV =    A    – P (A/P, I, N)
Project 1    AV = 3000 – 10,000(A/P, 15%, 5)  =   3000 – 10,000 (.2983)  =  $17/yr
Project 2    AV = 4500 – 15,000 (A/P, 15%, 8)  =   4500 – 15,000 (.2229)  =  
$1,156.50/yr

Since Project 2’s AV is > than Project 1’s, select project 2 

Section I - 16
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e) Internal Rate of Return
At some interest rate the present value of the investment is 

exactly equal to the present value of the annual savings. At 
this point NPV = ZERO, which means the return exactly 
equals the discount rate used. It can also be called the 
internal rate of return or true 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

$100,000 = $30,000 (P/A, I%, 20)
Thus (P/A, I%, 20) = 3.333

A = $30,000/year     i = ?

UnknownP = 100,000
AP

$100,000 = $30,000(X)
X = 3.333

1    2    3    4    5           19    N

Now, search the different interest tables until
you find the I where (P/A, I, N) = 3.333:

I = IRR = 30% (almost)

Section I - 17

Hint: For IRR a good start is try I = A/P.

In our example, I = $30,000/$100,000 = 30% which is an 
upper limit for IRR.pp

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

Section I - 18
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SIMPLE LOOK AT TAXES AND
STRAIGHT LINE DEPRECIATION

To a tax paying business, the saving for 
an energy project is like income  and taxes an energy project is like income, and taxes 
may have to be paid on the savings.

But assume that the costs of the project 
are deducted from the savings using 
straight line depreciation (SLD), meaning 
that you divide the cost by the project 
lifetime and subtract that amount from lifetime and subtract that amount from 
the savings each year.

 Example – A project costs $20,000, saves 
$6,000 a year and lasts five years.  

Section I - 19

SOLUTION TO EXAMPLE

SLD = $cost/life = $20,000/5 = $4000/yr

So, the $6000/yr savings is reduced to 
$6000 - $4000 = $2000/yr.

Thus, in this case, taxes would only have to be paid 
on the $2000/yr. y

Section I - 20
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TIME VALUE OF MONEY
PROBLEM SESSION

1) A heat wheel can be installed on your exhaust air 1) A heat wheel can be installed on your exhaust air 
system to preheat the make up air. The installed cost 
is $15,000 and the unit has an economic life of 10 
years. How much must it save each year to return 
15%?

Section I - 21

2) A desuperheater can be installed on your refrigeration 
system to obtain free hot water. You estimate you can 
heat 150,000 litres of water per year from 15°C (city 
water entering temperature) to 60°C. This will replace 
a natural gas water heater that operates at 80% 
efficiency. You pay $10.00 per GJ for your gas. The 
unit has an economic life of 5 years. How much can you 
pay
for that unit and obtain a return of 12%?

Section I - 22
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3) A vendor proposes a retrofit lighting system. The 
system will cost $100,000 installed; but it will save 
$15,000 per year for the next 10 years. Your minimum 
attractive rate of return (interest rate) is 10%. 
Construct a cash flow diagram and calculate the NPV Construct a cash flow diagram and calculate the NPV 
of the cash flow. Is this investment desirable?

Section I - 23

4) An energy efficient air compressor will cost $30,000 
installed and will require $1,000 worth of maintenance 
each year for its life of 10 years. Energy costs will be 
$6,000 per year. A standard air compressor will cost 
$25,000 and will require $500 worth of maintenance each 
year. Its energy costs will be $10,000 per year. At an 
interest rate of 12%, which one is preferable? 

Section I - 24
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APPENDIX

Section I - 25

BENEFITS AND LIMITATIONS WITH NPV

+ Takes into consideration the time value of money
+ Describes the project in terms of dollars p j
+ Shows amount of value added to the business 
+ Uses dollars as measurement 
- NPV can be a vague or a misunderstood value
- Doesn’t accurately evaluate/ compare mutually exclusive 

projects with different life spans. To evaluate projects 
with different lifetimes utilize - Annual Value – which 
we used herewe used here

Or could use Equivalent Annual Annuity Method or 
Replacement Chain Approach – beyond what we cover 
– See appendix for equivalent annuity method

Section I - 26



4/19/2012

14

BENEFITS AND LIMITATIONS WITH
IRR

+  Focuses on all cash flows with the project 
+  Takes into consideration the time value of money
+  Describes the project in terms of the rate of return earned 

(relatively easy to understand) 
- Neglects showing the impact (added value to the Business)
- Dollars make up a businesses cash flows, not percentages
- Ranking Projects by NPV is more accurate (which may yield a 

different ranking than IRR). This is because we assume we 
“will keep investing as long as we get MARR or greater.”

- Dollars earned must be reinvested to get true IRR, utilize 
MIRR (Modified IRR – beyond CEM Scope)

- Some projects have multiple IRR’s (due to cash flow 
fluctuations (positive and negative))

Section I - 27

BLANK CASH FLOW DIAGRAMS

Section I - 28
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BLANK CASH FLOW DIAGRAMS

Section I - 29

Blank After Cash Flow Diagrams

Year 1 2 3 4 5 6

EBITDA Deductions Taxable 
Income

Taxes Income after 
Taxes

ATCF
Income Taxes

(Depreciation) (1) – (2) (3) X Rate (3) – (4) (5) + (2)

0

1

2

3

4

55

Section I - 30
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EQUIVALENT ANNUAL ANNUITY METHOD

 Alternate solution method for the example of 
Insulation thickness choice. Insulation thickness choice. 

 This method uses EAA – Equivalent Annual 
Annuity method. 

 The comparison numbers are the same as shown 
earlier, and the project chosen is still the same.

Section I - 31

What if Alternative two lasted 8 years and Alternative 
one lasted 5 years?

1 
$10,000 $3,000/year

0       1       2      3     4     5

i = 15%

P A

2
$15,000 $4,500/year

0       1       2      3     4     5      6     7     8

P A

i = 15%

Since the project life spans are different, we calculate the Equivalent 
Annual Annuity of Each Project using the formula

EAA = NPV / (PVIFA)    PVIFA = Present Value Interest Factor for an EAA = NPV / (PVIFA)    PVIFA = Present Value Interest Factor for an 
Annuity

Project 1 EAA = NPV1 / (P/A, I%, N)  =   56.6 / 3.3522  =  $16.884/yr

Project 2 EAA = NPV2 / (P/A, I%, N)  =   5,192.85 / 4.4873  =  $1,157.23/yr

Since Project 2’s EAA is > than Project 1’s, select project two 
Section I - 32
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After Tax Cash Flows (ATCF)
Each year machines lose value but no cash flow 

occurs
The US IRS lets us write off the expense from The US IRS lets us write off the expense from 

that loss in value (depreciation)
Depreciation amount is estimated by some 

structured calculation
Depreciation impact is to (only) reduce taxes 

(dep. is not a cash flow), it must be added back 
in after calculating income after taxes

Section I - 33

It is very helpful to know the cash flow impact of a project 
“after taxes.” To do that, we need to understand 

depreciation and tax calculation. The table format below is 
useful. 

1 2 3 4 5 6

Earnings Before 
Interest, Taxes,  

Depreciation
And 

Amortization

EBITDA

Deductions Income before 
Taxes

Taxes Income after 
Taxes

ATCF

(Depreciation) (1) – (2) (3) X Rate (3) – (4) (5) + (2)

$50,000 $10,000 $40,000 $12,000 $28,000 $38,000

Section I - 34
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Example: You are purchasing a waste heat recovery device 
that

will last 5 years. It will cost $100,000 and will save you $30,000 
per

year before taxes. The salvage value is 0. What is the after tax
cash flow each year if your tax rate is 25%? Use straight line
depreciation. 
Depreciation per year = {($100,000 – 0)/5 years} = $20,000/year

Year 1 2 3 4 5 6

EBITDA
Before tax 
cash flow

Deductions Taxable 
Income

Taxes Income after 
Taxes

ATCF

(Depreciation) (1) – (2) (3) X Rate (3) – (4) (5) + (2)

0 -100 000 0 0 0 -- 100 0000 100,000 0 0 0 -100,000
1 30,000 20,000 10,000 2,500 7,500 27,500
2 30,000 20,000 10,000 2,500 7,500 27,500
3 30,000 20,000 10,000 2,500 7,500 27,500
4 30,000 20,000 10,000 2,500 7,500 27,500
5 30,000 20,000 10,000 2,500 7,500 27,500

Section I - 35

Note: The Faster you depreciate, the better the NPV on 
ATCF. Best would be to expense in the first year.

(But, IRS usually won’t let us.) However, in this course
(test), we will use only straight-line depreciation. Faster
methods include MACRS (fastest allowed today) and 

DDB. 

MACRS: Modified Accelerated Cost Recovery System 
DDB: Double Declining Balance

Note: After calculating ATCF, we can use the same
analysis techniques we used on BTCF (IRR, NPV, 
etc.),but MARR changes. 

Section I - 36
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INVESTMENT TAX CREDITS

 EPACT 05 reintroduces tax credits
 Impact of tax credits much more significant than  Impact of tax credits much more significant than 

depreciation.
 Tax credits reduce taxes (not taxable income) 

by the amount of the credit.
 Thus, tax credits are a direct reduction in first 

cost (after taxes) of that amount.

Section I - 37

MORE ON TAX CREDITS
Usually depreciable basis is reduced by ½ the 

tax credit (this can vary; so tax advice should 
b  bt i d)be obtained)

Tax credits may be subject to depreciation 
recapture (especially if equipment is sold 
before end of depreciation period)

http://www.energy.gov/additionaltaxbreaks.ht
m

Section I - 38
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Example: Same example with a 30% tax credit 
assuming depreciation basis is affected by ½ the 
credit. (Credit would actually appear in first year)

Depreciation per yr = [($85,000–0)/5 years] = $17,000/yr

Year 1

Before Tax  
Cash Flow

2

Deduc-
tions

(Depr)

3

Taxable 
Income

(1) – (2)

4

Taxes

(3) X Rate

5

Income 
After Taxes

(3) – (4)

5

After Tax Cash 
Flow

(5) + (2)

0 -100,000 - - -30,000

(Credit)

30,000 -70,000

1 30,000 17,000 13,000 3,250 9,750 26,750

2 30,000 17,000 13,000 3,250 9,750 26,750

3 30,000 17,000 13,000 3,250 9,750 26,750

4 30,000 17,000 13,000 3,250 9,750 26,750

5 30,000 17,000 13,000 3,250 9,750 26,750

Section I - 39

NPV OF WASTE HEAT RECOVERY

DEVICE WITH AND WITHOUT TAX

CREDIT

 Assuming an after tax MARR of 20%:g
 NPV without tax credit = 

-100,000 + 27,500(P/A, 20%, 5) = -$17,759
(P/A, 20%, 5) = 2.9906

 NPV with tax credit =
-70,000 + 26,750(P/A, 20%, 5) =   $9,999

 Acceptable project after tax credits

Section I - 40
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INTEREST TABLES

Section I - 41

I: Economic Analysis and Life Cycle Costing - 42

Section I - 42
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I: Economic Analysis and Life Cycle Costing - 43
Section I - 43

I: Economic Analysis and Life Cycle Costing - 44
Section I - 44
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I: Economic Analysis and Life Cycle Costing - 45 Section I - 45

I: Economic Analysis and Life Cycle Costing - 46 Section I - 46
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I: Economic Analysis and Life Cycle Costing - 47

Section I - 47

Section I - 48
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I: Economic Analysis and Life Cycle Costing - 49
Section I - 49

END OF SECTION I

Section I - 50


