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There are a variety of economic measures that analysts use to evaluate a
project. In general, the most cost-effective alternative will have the lowest Total
Life Cycle Cost (TLCC) and shortest Payback Period, and the highest Net
Present Value (NPV), Internal Rate of Return (IRR), Benefit to Cost Ratio (B/C)
and Savings to Investment Ratio (SIR). Each of these tools are described and
used in examples below.

1.0 Total Life Cycle Cost Analysis

Total Life Cycle Costs (TLCC) is the cost incurred through the ownership of an
asset over the asset’s life span or the period of interest to the investor. Too
often, engineers only consider the cost to design and build a project and ignore
the often-considerable expense required to keep the structures and machinery in
good repair over its useful life. Examples of TLCC are maintenance & repairs,
fuel, electricity, insurance, security, and permits & taxes in addition to the obvious
design and construction costs. It's not unusual for an alternative that’s slightly
more expensive to build to have lower operating and maintenance costs. A
thorough and complete analysis of the TLCC will reveal if it's also the most cost-
efficient in the long run.

Example 1: The owner of a small commercial building is evaluating the
purchase of a new heating and cooling system. The purchase and installation
cost for the equipment, the annual fuel and maintenance costs over the next 15
years, and the salvage value for the three alternatives under consideration are
described in the following table.

Alternative 1 2 3
Standard High Efficiency Heat Pump
Description  Gas Furnace Gas Furnace with Auxiliary

with Add-on A/IC with Add-on A/C Gas Back-up

Equipment Cost $ 10,000 $ 10,500 $ 9,400
Installation §$ 700 $ 700 $ 600

Annual Energy Cost $ 1,200 $ 900 $ 1,400
Annual Maint. Cost $ 65 $ 65 $ 175

Salvage Value $ (100) $ (100) $ (200)



Find the Total Life Cycle Cost (TLCC) for each of the three cases using a 5%
discount rate and identify the least-cost alternative.

Solution:

To determine the Total Life Cycle Cost, we find the Present Value (PV) for each
expenditure.

Here’s the calculation for the first alternative.
The PV of the $100 salvage cost is
PV =FV / (1+i)"
Where PV = Present Value
FV = Future Value

i = interest rate
n = term of the investment in years

PV = FV/ (1+i)" = $100 / (1+0.05)" = $48.10
We can use the Present Value of a Series of Uniform Payments formula to

determine the PV for the fuel and maintenance costs.

Present Value is usually expressed as a factor for a series of uniform payments
of $1.

PV = ((1+i)"=1) / (i(1+i)")
Where PV = Present Value for a $1 annual payment

i = interest rate

n = term of the investment in years
PV = ((1+i)"=1) / (i(1+i)") = ((1+0.05)"*— 1)/ (0.05(1+0.05)"°) = 10.3797
The PV for the 15 years of energy costs is $1,200 x 10.3797 = $12,456
The PV for the 15 years of maintenance costs is $65 x 10.3797 = $675

The TLCC for Alternative 1 is

TLCC = $10,000 equip + $700 installation + $12,456 energy +



$675 maint. - $48 salvage = $23,783
The following table details the present values for all three alternatives.

----------------- TLCC Present Value Costs @ 5% discount rate-------------------

Alternative 1 2 3
Standard High Efficiency Heat Pump
Description  Gas Furnace Gas Furnace with Auxiliary

with Add-on A/C with Add-on A/C Gas Back-up

Equipment Cost $ 10,000 $ 10,500 $ 9,400
Installation $ 700 $ 700 $ 600

Annual Energy Cost $ 12,456 $ 9,342 % 14,532
Annual Maint. Cost $ 675 $ 675 $ 1,816
Salvage Value $ 48) $ 48) $ (96)
TLCC $ 23,783 $ 21,168 $ 26,252

Alternative 2, the High Efficiency Gas Furnace has the lowest Total Life Cycle
Cost.

2.0 Net Present Value

Net Present Value (NPV) is used to discount a series of present and future net
cash flows. Net cash flow is simply the arithmetic sum of the annual revenues
and expenses associated with the project for the year. It is often necessary to
use NPV to compare two investments with varying patterns of cash flow or
differences in the term of the investment.
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Where NPV = Net Present Value
CF, = initial investment
CF, = cash flow in subsequent years
i = interest rate (i.e., discount rate)
n = term of the investment in years

Example 2: Company A plans to purchase a new machine with a 5-year useful
life for $100,000 by taking out a 5-year loan at 8% interest, compounded daily.
Annual operating costs are estimated at $2,000 per year for labor & materials,
escalating at 3% per annum. Fuel costs are estimated at $1,000 the first year,
increasing at 5% per annum in years 2 through 5. The salvage or resale value for



the machine at the end of 5 years is expected to be $20,000. Straight-line
depreciation is assumed.

Prepare a tabulation of the project net cash flows and determine the Net Present
Value for the series of net cash flows using an 8% discount rate.

Solution:

First, we need to calculate the annual payment on the $100,000 loan. Since the
interest is compounded daily, we need to find the effective interest rate.

i = (14 (({))H-1 = (1+ ((0.08)/365))*°)-1 = 0.0832776 = 8.33%
Where i = effective interest rate
i = nominal interest rate

t = number of times interest is compounded during year

Then input the result in the Present Value for a Uniform Series of Payments
formula.

PV = ((1+i)"= 1) / (i(1+i)") = ((1+0.0832776)°— 1) / (0.0832776(1+0.0832776)°)
= 3.9584553

Annual loan payment = Loan amount/PV factor = $100,000/3.9584553 =
$25,262.38

You can also use Payment function in Microsoft Excel for this calculation:

PMT (rate,nper,pv) = PMT(0.0832776,5,100000) = $25,262.38

Next calculate the annual depreciation using the Straight-line method.
DsL = (A-S)/n
Where Ds| = Annual Depreciation (Straight-line)
A = Acquisition Cost

S = Salvage Value
n = useful life in years

Ds. = (A — S)/n = ($100,000-$20,000)/5 = $16,000/year



Third, we calculate the inflated values for labor & materials and fuel costs.
Labor & Materials:

$2,000 (Year 1) x 1.03 = $2,060 (Year2) x 1.03 = $2,122 (Year3) x 1.03 =
$2,185 (Yeard) x 1.03 = $2,251 (Year5)

Fuel:

$1,000 (Year 1) x 1.05 = $1,050 (Year2) x 1.05 = $1,103 (Year3) x 1.05 =
$1,158 (Yeard) x 1.05 = $1,216 (Year5)

Once we'’ve determined the annual charges for each item, we put them in a table.
Project Cash Flows

Year 0 1 2 3 4 5
Purchase Price $ 100,000

Debt Service @ 8% $ (25262) $ (25262) $ (25262) $ (25,262) $ (25,262)
Labor & Materials $ (2,000) $ (2,060) $ (2,122) $ (2,185) $ (2,251)
Fuel $ (1,000) $ (1,050) $ (1,103) $ (1,158) $ (1,216)
Depreciation $ (16,000) $ (16,000) $ (16,000) $ (16,000) $ (16,000)
----Subtotal---- $ (44,262) $ (44,372) $ (44,486) $ (44,605) $ (44,728)

Salvage Value $ 20,000
Sum of Cash flows $ 100,000 $ (44,262) $ (44,372) $ (44,486) $ (44,605) $ (24,728)

Note: Labor & Materials inflated at 3% per annum, Fuel at 5% per annum

Calculate the Net Present Value for the series of net cash flows using an 8%
discount rate.
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NPV = $100,000 + ($44,262 / (1+0.08)") + ($44,372 / (1+0.08)?) +

($44,484 / (1+0.08)°%) + (344,605 / (1+0.08)*) +

($24,728 / (1+0.08)°) = $63,955.22
(Note: You can also use the NPV function in Microsoft Excel to calculate Net
Present Value. (NPV(rate, CF;, CF> CF3 . CF,)) However, the NPV function in
Microsoft Excel ignores the CF, term in the NPV equation. Make sure you add

CF, to the result you get from Excel.)

3.0 Pay Back Period



The Pay Back Period is simply the amount of time required to recoup an
investment. The Pay Back Period is commonly calculated in one of two ways;
Simple Pay Back Period or Discounted Pay Back Period.

The Simple Pay Back Period (SPB) is calculated according to this formula:

SPB can be expressed as the first point in time that

D A>3 ACF where,

SPB = minimum number of years required for the non-discounted sum of the
annual net cash flows to equal or exceed the non-discounted investment costs

Al = the non-discounted incremental investment costs
ACF = the sum of the non-discounted annual net cash flows

Example 3: What is the simple pay back period (SPB) for a $100,000 investment
that yields $30,000 per year (paid at year end) in the first and second year, and
$18,000 per year in the third through sixth years?

This problem is best solved in tabular form, especially when the annual cash
flows are not equal.

Year 0 1 2 3 4 5 6
Investment $100,000
Cum. Invest. $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000
Net Cash Flow $ 30,000 $ 30,000 $18,000 $18,000 $18,000 $18,000
Cum. Net CF $ 30,000 $ 60,000 $ 78,000 $ 96,000 $114,000 $132,000

The Cumulative Net Cash Flow exceeds the Cumulative Investment during the
5" year. Only $4,000 of the $18,000 annual net cash flow is required to reach
the payback point, so only $4,000/$18,000 = 0.22 years elapses in the 5" year
when payback occurs. Thus, the Simple Pay Back Period (SPB) = 4.22 years.

The Simple Pay Back Period calculation ignores the time value of money (i.e.,
the discount rate = 0.) Even in a low interest rate environment investors demand
some positive return on their money plus some risk premium. That’s why the
Discounted Pay Back Period (DPB) is usually the preferred method of
determining Pay Back.

The Discounted Pay Back Period (DPB) is calculated according to this formula:

DPB can be expressed as the first point in time that



> N +(1+d) <Y ACF +(1+d)" where,

DPB = minimum number of years required for the discounted sum of the annual
net cash flows to equal or exceed the discounted investment costs

Al = the non-discounted incremental investment costs

ACF = the sum of the non-discounted annual net cash flows

d = the discount rate

n = the year the investment or net cash flow occurs
Example 4: What is the discounted pay back period (DPB) for a $100,000
investment that yields $30,000 per year (paid at year end) in the first and second
year, and $18,000 per year in the third through sixth years? Use a 6% per annum
discount rate in making the calculation.
The discounted value of the Year “0” $100,000 investment is

(AI)/(1+d)" = ($100,000)/(1+0.06)° = $100,000

The discounted values for the six years of net cash flows are
Year “1” (ACF )I(1+d)" = ($30,000)/(1+0.06)" = $28,302
Year “2” (ACF )I(1+d)" = ($30,000)/(1+0.06)* = $26,700
Year “3” (ACF )I(1+d)" = ($18,000)/(1+0.06)° = $15,113
Year “4” (ACF )I(1+d)" = ($18,000)/(1+0.06)" = $14,258
Year “5” (ACF )I(14d)" = ($18,000)/(1+0.06)° = $13,451
Year “6” (ACF )I(1+d)" = ($18,000)/(1+0.06)° = $12,689
Again, the solution is best organized in tabular fashion.

Year 0 1 2 3 4 5
Investment $100,000

6

Cum. Invest. $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000

Discounted Inv. $100,000

Cum. Disc. Inv. $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000
Net Cash Flow $ 30,000 $ 30,000 $18,000 $18,000 $18,000 $18,000
Cum. Net CF $ 30,000 $ 60,000 $ 78,000 $ 96,000 $114,000 $132,000
Disc. Net CF $ 28,302 $ 26,700 $ 15,113 $ 14,258 $ 13,451 $ 12,689



Cum. Disc. Net CF $ 28,302 $ 55,002 $ 70,115 $ 84,373 $ 97,823 $110,513

The Cumulative Discounted Net Cash Flow exceeds the Cumulative Investment
during the 6™ year. Only $2,177 of the $12,689 annual net cash flow is required
to reach the payback point, so only $2,177/$12,689 = 0.17 years elapses in the
6" year when payback occurs. Thus, the Discounted Pay Back Period (DPB) =

5.17 years.

4.0 Internal Rate of Return (IRR)

The Internal Rate of Return (IRR) is simply the discount rate that equates a
series of net cash flows to zero. To determine the IRR for a series of net cash
flows you take the Net Present Value equation and through trial-and-error

substitution for “i”, determine the value of “i” that sets the NPV to zero
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Where NPV = Net Present Value
CF, = initial investment
CF, = cash flow in subsequent years
i = interest rate (i.e., discount rate)
n = term of the investment in years

and IRR =", such that NPV=0

Example 5: What is the Internal Rate of Return (IRR) for this series of net cash
flows.

Year 0 = +$100,000.00
Year 1= -$24,046.65
Year2 = -$24,156.65
Year 3= -$24,270.95
Year4 = -$24,389.72
Year5= -$ 4,512.17

[

First, make an estimate of “i". Let’s try 0%
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NPV = 0 = $100,000 + (-$24,046/((1+0)™M)) + (-$24,156/((1+0)"2)) +
(-$24,270/((1+0)"3)) + (-$24,389/((1+0)*)) + (-$4,512/((1+0)*5)) = -$1.372.13



A 0% IRR resulted in a negative value, so we need to try a higher estimate. Let’'s
use 1%.

CcF, CF, CF, CF,
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NPV = CF, +

NPV = 0 = $100,000 + (-$24,046/((1+0.01)M)) + (-$24,156/((1+0.01)"2)) +
(-$24,270/((1+0.01)"3)) + (-$24,389/((1+0.01)*4)) +
(-$4,512/((1+0.01)"5)) = $1.226.13

A positive value means that the IRR estimate is too high. Let’s try 0.5%

CcF, CF, N CF, N CF,
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NPV = CF, +

NPV = 0 = $100,000 + (-$24,046/((1+0.005)*)) + (-$24,156/((1+0.005)"2)) +
(-$24,270/((1+0.005)"3)) + (-$24,389/((1+0.005)*4)) +
(-$4,512/((1+0.005)"5)) = $59.24

We're getting closer. A few more iterations and we’ll get close to the IRR of
0.0523%. You can also use the IRR function in Microsoft Excel
(=IRR(values,guess) to make this calculation.

5.0 Benefit/Cost Ratio (B/C) Analysis

Benefit/Cost Ratio (B/C) Analysis is performed to determine whether, and to what
extent, a project’s benefits exceed its costs. This type of analysis is common in
the public sector

B/C = (PV of all benefits) / (PV of all costs)
Where, (PV of all benefits) = (PV of all positive cash flows (or equivalents))
(PV of all cost) = (PV of all negative cash flows (or equivalents))

A “cash flow equivalent” is a societal cost or benefit that doesn’t directly show up
on the project’s income statement.

For example, let’s take a toll road project. The highway construction cost would
obviously be a direct negative cash flow as well as any payments to
homeowner’s that are forced to sell their land to assemble the right-of-way. The
tolls collected each year would be an obvious direct positive cash flow. One
benefit might be that the new road would lessen traffic congestion and shorten
commuting times in the corridor. We could attempt to estimate the “cash flow
equivalent” of this benefit by determining the average number of minutes saved



per day in commuting time, multiplying that by the daily number of drivers and
passengers and then by some average hourly wage to put a price on the time
saved.

Example 6: The State Highway Authority estimates that an average of 44,000
commuters per day travel the downtown corridor. A new toll road should result in
each saving 3 minutes per day in commuting time in both the morning and
evening commutes. What is the total annual value of this benefit assuming that
driver and passenger time is worth $6 per hour?

Solution:

Annual cash flow equivalent = (44,000 travelers) x (3 minutes) x (2 trips/day) x
(260 days/year) / (60 min/hour) x ($6 per hour) = $6,864,000 /year

Example 7: A town is considering three sites for a municipal parking garage.
The land and design & construction costs and estimated parking revenue for
each site is detailed in the table below.

Alternative 1 2 3
Description Location #1 Location #2 Location #3
No. of Spaces 2000 1800 2400
Land Cost $ 2,200,000 $ 3,500,000 $ 900,000
Engineering & Design $ 2,200,000 $ 1,500,000 $ 500,000
Construction Cost $ 11,700,000 $ 9,500,000 $ 2,800,000

Total Costs $ 16,100,000 $ 14,500,000 $ 4,200,000

Annual Revenue/Space $ 1,000 $ 1,200 $ 400
Annual Revenue $ 2,000,000 $ 2,160,000 $ 960,000
Total Benefit $ 2,000,000 $ 2,160,000 $ 960,000

Note: Location #3 is a parking lot at grade.

Assuming a 25-year useful life and a 9% discount rate, which alternative has the
highest benefit/cost (B/C) ratio?

Detailed Solution
The construction costs are incurred in year “0” so they don’t get discounted.

The 25-year annual revenue stream may be evaluated using the Present Value
of a Series of Uniform Payments formula.



PV = ((1+i)"= 1) / (i(1+i)") = ((1+0.09)*— 1)/ (0.09(1+0.09)*) = 9.82258
The present value for the 25-year parking revenue stream for Location 1 is
$2,000,000 x 9.82258 = $19,645,159

The B/C ratio = $19,645,159 / $16,100,000 = 1.22

The following table details the results for each of the three locations.

Alternative 1 2 3
Description Location #1 Location #2 Location #3
No. of Spaces 2000 1800 2400

Land Cost $ 2,200,000 $ 3,500,000 $ 900,000
Engineering & Design $ 2,200,000 $ 1,500,000 $ 500,000
Construction Cost $ 11,700,000 $ 9,500,000 $ 2,800,000
Total Costs $ 16,100,000 $ 14,500,000 $ 4,200,000
Discounted Cost $ 16,100,000 $ 14,500,000 $ 4,200,000

Annual Revenue/Space $ 1,000 $ 1,200 $ 400
Annual Revenue $ 2,000,000 $ 2,160,000 $ 960,000
Total Benefit $ 2,000,000 $ 2,160,000 $ 960,000

25-Yrs. Discounted at 9% $ 19,645,159 $ 21,216,772 $ 9,429,676
B/C Ratio 1.22 1.46 2.25

Location 3 has the highest benefit to cost (B/C) ratio.

6.0Savings to Investment Ratio (SIR)

The Savings to Investment Ratio (SIR) is another way to measure the relative
worth of a project. It is used when a project’s benefits occur primarily as cost
reductions. Although SIR is basically a Benefit/Cost ratio, there is an important
difference in the arithmetic. B/C ratios are calculated with all the benefits in the
numerator and all the costs in the denominator. In the SIR, only the principle
investment costs are included in the denominator. All other costs are subtracted
from the benefits in the numerator. Thus the numerator is a measure of net
savings.

Here’s the formula:



SIR = PV (NS) / PV(IRS)
Where, SIR = savings to investment ratio
PV (NS) = present value of the net savings of the activity (i.e., total
savings minus all incremental operating and repair costs not
directly attributed to the up front investment costs.)
PV(IRS) = present value of the incremental investment costs plus
the incremental replacement costs minus the incremental salvage
values.
Example 8: The owner of a small office building is considering a rehabilitation
project to improve the energy efficiency of the building. The bulk of the project
consists of installing improved insulation and double-glazed windows.
Heating and cooling the building currently costs $200,000/year for electricity and
$120,000 for natural gas. The rehabilitation project is expected to cost $220,000
and should result in an 8% reduction in electricity consumption and a 15%
reduction in natural gas usage. There are no annual operating and maintenance
costs beyond the initial installation expenses. The salvage value is zero.
What is the SIR assuming a 15-year useful life and a 10% discount rate?
Solution:
The net savings for electricity consumption is $200,000 x 0.08 = $16,000/year.
The savings for natural gas consumption is $120,000 x 0.15 = $18,000/year
Total savings = $16,000 + $18,000 = $34,000 per year

There are no annual additional operating costs associated with the project, so the
net savings equals $34,000/year.

The 15-year’s worth of annual savings may be evaluated using the Present Value
of a Series of Uniform Payments formula.

PV = ((1+i)"= 1) / (i(1+i)") = ((1+0.10)"=1)/(0.10(1+0.10)"°) = 7.60608
The present value for the 15-years of savings is

$34,000 x 7.60608 = $258,607



The incremental investment cost is the $220,000 for installing the insulation and
windows. There are no ongoing annual replacement costs and the salvage value
is zero. Since the $220,000 investment is in year “0”, there is no discount.

SIR = PV (NS) / PV(IRS) = $258,607/$220,000 = 1.175



You'll need the following information to answer the first two questions on the
quiz.

Scenario for Quiz Question 1: An oil service firm is considering the purchase
of a small helicopter to service its customers operating offshore oil & gas
production platforms in the Gulf of Mexico. The aircraft is expected to have a 10-
year useful life and will operate an average of 750 hours per year. The purchase
price, the hourly operating cost, and the salvage value at the end of 10 years for
the three alternatives under consideration are described in the following table.

Alternative 1 2 3

Description Model FH1100 Model MD500 D Model 480B

Equipment Cost $ 395,000 $ 450,000 $ 420,000
Hourly Operating Cost $ 180 $ 240 $ 190
Annual Operating Cost $ 135,000 $ 180,000 $ 142,500
Salvage Value $ 280,000 $ 320,000 $ 260,000

Scenario for Quiz Question 2: A county is considering two sites for a
countywide landfill. The land and design & construction costs and estimated
waste volume and tipping fee for each site is detailed in the table below. $5
million allowance

Description Site #1 Site #2
Land Cost $ 2,200,000 $ 3,500,000
Engineering & Design $ 2,400,000 $ 1,500,000
Construction Cost  $ 13,600,000 $ 8,700,000
Total Costs $ 18,200,000 $ 13,700,000
Tipping Fee ($/CY) $ 65.00 $ 57.00
Annual Volume (CY) $ 38,000 $ 36,000
Annual Revenue $ 2,470,000 $ 2,052,000

Total Benefit $ 2,470,000 $ 2,052,000





