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Department of Energy
Washington, DC 20585

Dear Energy Professional:

The Department of Energy is pleased to reprint the Pennsylvania Life Cycle
Costing Manual. This manual was designed to help companies evaluate their
expenditures by factoring purchase and operating costs over the life of new
equipment. The Pennsylvania State Energy Office originally published this
document and diskette in June 1992. In the summer of 1995 the energy office
was closed and some of their responsibilities were absorbed by other State offices.
The Environmental Protection Agency, Bureau of Energy Services gave reprinting
rights, for this publication, to the United States Department of Energy, Office of
Industrial Technologies (OIT) which promotes energy-efficiency in industry.

OIT is also working with partners to develop energy-efficient technology focusing
on seven energy-intensive industries; aluminum, chemicals, forest products, glass,
metal casting, refining, and steel.

If you need additional information or assistance, please contact the Department

of Energy Regional Support Office nearest you. These offices can be found by
contacting the Energy Efficiency and Renewable Energy Clearinghouse (EREC)
at 1-800-DOE-EREC. The clearinghouse also maintains a library of free publica-
tions on energy efficiency, renewable energy, and pollution prevention. You can
reach the EREC bulletin board system with a computer modem at 1-800-273-2955.
The bulletin board contains these Lotus worksheet files and portions of this
instruction manual. You may also contact OIT’s World Wide Web site on the
Internet at http://www.eren.doe.gov/industry/

Sincerely,

4

Denise F. Swink
Deputy Assistant Secretary
for Industrial Technologies
Energy Efficiency and Renewable Energy

@ Printed with soy ink on recycled paper
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LIFE CYCLE COSTING

BACKGROUND

Until the 1970s, it was commonplace for institutions and governments to purchase
equipment based on lowest initial (first) costs. Recurring costs such as operational,
maintenance, and energy costs often were not considered in the purchase decision. If an
agency wanted to buy something, it published specifications and requested bids from
several manufacturers. Often, the lowest bidder who met the specifications won the job,
with no consideration given to the economic life of the equipment or yearly recurring
costs such as energy and maintenance costs.

The practice of purchasing based on lowest initial costs probably did not make good
economic sense prior to 1970, and it certainly does not make good sense now. The wise
person will consider all costs and benefits associated with a purchase, both initial and
post-purchase, in order to make procurement decisions that are valid for the life of the
equipment.

The method of financial analysis that considers all pertinent costs is life cycle costing
(LCCO). In LCC, all of the following factors are considered for the life of the equipment:

- Initial costs--including freight and installation

- Training costs--to prepare people to use the particular equipment

- Energy costs--annual energy costs

- Operation and maintenance costs--annual labor, parts, technical service

- Salvage value--may be an expense for removal or a deduction of costs if it

can be converted into cash through sale

- Escalation rates--estimated inflation rates of costs (may be different rates
for different costs)

- Discount rate--the rate at which future cash flows are brought back to the
present to compare present values of costs and savings.




PAYBACK METHOD

Before detailing life cycle costing, let’s consider a common method of investment analysis
known as the payback method (payback period) or simple payback method (simple
payback period). This is a relatively simple and widely used method that gives the
number of years required to recoup the initial investment.

Example 1
Consider two alternative heating, ventilating and air conditioning (HVAC) systems which

could possibly replace an inefficient HVAC system. The costs and savings of each system
are shown below:

System A System B
Initial Cost $10,000 $20,000
Annual Energy Yearly Savings Cumulative Yearly Savings Cumulative
Cost Savings (A) Savings (A) (B) Savings (B)
Year 1 2,000 2,000 3,000 3,000
Year 2 2,300 4,300 3,450 6,450
Year 3 2,650 6,950 3,950 10,400
Year 4 3,050 10,000 4,450 14,850
Year S 3,500 13,500 5,150 20,000
Year 6 4,025 17,525 5,900 25,900
Year 7 4,625 22,150 6,300 32,700
Year 8 - 22,150 7,800 40,500
Year 9 - 22,150 9,000 49,500
Year 10 - 22,150 10,300 59,800
(There are no savings for years 8-10 for System A because its expected life is 7 years; B’s life is 10
years. Also, the above energy costs are escalated at approximately 15% per year.)

Selection of a system based solely on first cost would indicate System A. Selection based
on payback would still indicate A, because it pays for itself in four years while B pays for
itself after five years.

This can lead to a poor decision since there are several factors that are not considered in
the payback method that are crucial to making the most cost effective decision. First,
note that System A will have to be replaced after seven years while B will have three
more years of useful life, with additional energy savings accruing to the owner during
those years. Second, there has been no mention of maintenance costs for either system.
Third, the time value of money has not been recognized.



LIFE CYCLE COSTING

The economic analysis method that takes into account most of the shortcomings of the
payback method is known as life cycle costing (LCC). As its name implies, LCC is
simply a method of calculating the total cost incurred with the ownership, lease or rental
of a facility or equipment over its lifetime.

There are several different methods of LCC analysis that the professional can use to
make a purchase decision. (Although leasing and rental are also options for a building, it
is assumed that the facility will use a financial advisor to evaluate ownership, leasing, and
rental options.) The purpose of this LCC primer is to acquaint building owners and
managers with basic life cycle costing methodology, so they can evaluate the financial
viability of typical energy conservation measures. For illustrative purposes, a purchase
situation will be considered throughout the primer. A specific LCC example will be
considered later, but first it is necessary to understand the concept of "time value of
money" (TVOM).

TIME VALUE OF MONEY

In analyzing any cost, investment, or stream of cash flows, it is extremely important to
recognize that money has a time value. As an illustration, consider the option of
receiving a $100 bill now or $100 bill one year from now. Most people would rather
have the $100 bill now because they can invest it and earn a return on their investment.
For example, $100 invested now will earn $15 in one year if invested at a 15 percent rate
of return. The investor will have a total of $115 at the end of one year. Even with zero
inflation, money in the future is worth less than the same amount of money now. Again,
this is because money can be invested now to earn a return on the investment for the
investor.

Similarly, cash in the future can be "discounted" to the present through the use of
discount formulas and tables that are the inverse of the familiar compound interest
formulas and tables. This allows us to determine the present value of a future amount of
money (such as might be saved annually by an energy conservation measure). These
discount tables allow money to be moved from the future to the present to compare the
present value of future cash flows (e.g., energy cost savings) with the present value of any
initial investment. It is extremely important to compare "apples to apples” or present
values to present values to determine if an energy conservation investment makes sense.

The present value discount table on the following page shows the different discount
factors versus the number of years the cash flow is to be discounted. An example will
explain the use of this table.
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Example 2

What is the present value of $100 two years from now discounted to the present at (a)
10%?, (b) 15%?, (c) 20%?

(a)  Enter the discount table at 10 percent and two years and identify the
present value factor (or present worth factor) .8264. Now multiply $100 by
.8264 to obtain $82.64 as the present or discounted value of $100 two years
from now. This can be illustrated by a cash flow diagram as shown below:

$100.00

What this means is that if you could earn 10 percent on your money for
two years and you were offered $82.64 now or $100 two years from now,
you would be neutral as to which you would accept. If you were offered
$90 now or $100 two years from now and you could earn 10 percent on
your money, you would opt for the $90 now. Similarly, if you were offered
$80 now and you could earn 10 percent on your money, you would take the
$100 two years from now.

(b) At 15 percent, the discount factor is .7561. So $100 two years from now is
worth ($100) (.7561) = $75.61 now (present value).

The cash flow diagram is:

$100.00

Would you rather have $80 now or $100 two years from now if you could
earn 15% on your money? How about $70 now versus $100 two years
from now at 15%?




(¢)  Try this one. I’s as easy as the other two.

$100.00

Equivalent at 20%

Because investment in energy conservation equipment involves cash outlay now with
benefits in the form of energy and dollar savings occurring in the future, it is necessary to
use life cycle costing techniques combined with time value of money techniques to make
valid energy conservation decisions. As was the case previously, this can best be
illustrated through an example.

Example 3

Three electric hot water heaters are functioning well, but at $.06/KWH there is concern
about excessive hot water heating costs for the building. You are considering different
options for reducing these costs, including heat pump water heaters (HPWHs). You
have determined that a currently available HPWH can be installed for $800/year ($2400
for three). Your energy analysis (or that of a reputable energy management consultant
or contractor) has estimated a monthly energy savings of 400 KWH per water heater.
The HPWHs will function for ten years with an annual maintenance cost of $50 per
heater. The salvage value of the HPWHs is zero. Energy prices are expected to escalate
10 percent per year. If your agency’s cost of money (capital) is 12 percent, should you
purchase the HPWHs?

Solution to Example 3
The first step is to determine yearly cash flows.

Year 0 (Now)
-Purchase three HPWHs for $800 each $800/HPWH x 3 HPWH = $2400.

Annual Cash Flows
-Annual Energy Costs Savings:

400 KWH/month/HPWH x 12 months/year x HPWH = 14,400 KWH/year saved.

14,400 KWH/year saved x $.06/KWH = $864 saved in the first year.




(Note: Energy and cost savings will occur throughout the year, but for analysis purposes,
we will assume they occur at the end of each year. This allows us to use the standard
Present Value Discount Table presented previously. Results based on this assumption
are typically well within the accuracy range necessary for making a decision.)

These savings increase at the rate of 10 percent per year because of energy price
escalation of 10 percent per year:

950 1045 1150 1265 1391 1531 1684 1852 | 2037

The above steps can be combined to yield the following cash flow table:

$2400

$864 | 950 | 1045 | 1150 | 1265 1391 1531 1684 1852 | 2037

-150 | -150 | -150 | -150 | -150 -150 -150 -150 -150 -150

(52400) | $714 | 800 | 895 | 1000 | 1115 | 1241 | 1381 1534 | 1702 | 1887

With the cash flows now determined, we use the discount factors to determine the net
present value (NPV) of this investment. The NPV of an investment is equal to the
present value (PV) of the savings minus the present value (PV) of the initial investment.
To determine. NPV, each cash flow must be brought back to the present through the use
of the appropriate discount factor at 12 percent for each year. NPV is determined by
subtracting the PV (initial cost or investment) from the PV (savings), or NPV = PV
(savings) - PV (cost or investment). If the NPV is greater than zero at 12 percent, the
investment will be acceptable; if the NPV is less than zero, we will reject the investment.




From the discount factor table, the 12 percent discount factors for each year are:

10 |

.8929 7972 | 7118 | 6355 5674 5066 | .4523 | .4039 | .3606

3220 }

Multiplying the above factor by the corresponding yearly cash flow savings, we obtain the
following present values:

Year 0 (Now)
Present Value Cost: $2400 x 1.000 = $2400
(Discount factor is 1)

Energy Cost Savings Disc. Factor
Year 1PV = 714 X 8929 =
Year 2PV = 800 X 7972 =
Year 3PV = 895 X 7118 =
Year 4 PV = 1000 X .6355 =
Year 5 PV = 1115 X 5674 =
Year 6 PV = 1241 X 5066 =
Year 7PV = 1381 X 4523 =
Year 8 PV = 1534 X 4039 =
Year 9 PV = 1702 X 3606 =
Year 10 PV = 1887 X 3220 =

Total PV savings

PV Savings

$ 638
638
637
636
633
629
625
620
614

_608
$6,278

Net Present Value = PV (Savings) - PV (Investment or Cost)

NPV = $6278 - $2400 = $3,878

Since the NPV is positive, the HPWHs should be purchased. It’s like someone wrote you
a check for $3,878 in today’s dollars!

It is important to note several critical aspects of the NPV procedure:

1.

The correct savings (and all other estimates) must be calculated by a
competent individual using realistic assumptions. If this is not done

properly, the remaining analysis may lead to an invalid decision.

The facility’s cost of capital must be known or estimated.



3. The above analysis illustrates the net present value technique of LCC.
Other valid methodologies are also available for use. This analysis shows
that the HPWHs are an acceptable investment. It does not indicate it is
the best investment. Other options should be analyzed to see if they might
be even better (have a higher NPV).

INTERNAL RATE OF RETURN

The time value of money concept can be taken a step further by asking the question.
"What is the actual return on my investment if I purchase the HPWHs?" The answer is
the discount rate yielding a net present value of zero. This discount rate is called the
project’s Internal Rate of Return (IRR). It is equivalent to the interest rate you would
earn if you placed your money (for Example 3, $2,400) in a bank account earning the
IRR interest rate. It is determined through a trial and error procedure where different
discount rates are used to compute NPV. When the NPV is approximately zero, the
discount rate that made it zero is the project’s IRR. For Example 3, the RR is
approximately 37 percent.

CONCLUSION

The purpose of this primer is not to create a financial or engineering economy expert.
Ratbher, it is to illustrate the necessity for considering all relevant factors in a purchase
decision so that the professional can make a decision based on valid assumptions and
decision criteria. For a more complete discussion of life cycle costing and engineering
economy, the bibliography at the end of this section may be helpful. Each of these
references has been used in discussing with LCC analyses.




LIFE CYCLE COSTING REFERENCES
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LIFE CYCLE COSTING EXAMPLE
ENERGY EFFICIENT FLUORESCENT LAMPS

It is time to relamp 1,000 lamps in your building and you are evaluating the use of 34
watt energy efficient fluorescent lamps vs. standard 40 watt lamps. Each type of lamp
has a 20,000 hour life. The 34 watt lamp puts out 3%-5% less lumens (light) than the 40
watt lamp, but a lighting survey has revealed that the building is roughly 10% overlit, so
the loss of 3%-5% light will still maintain the building within code requirements.

The building’s operating hours are 7:00 a.m. to 5:00 p.m., Monday-Friday; 8:00 a.m. to
1:00 p.m. on Saturday; and closed on Sunday. The cost of the standard 40 watt lamp is
$1.00 per lamp. The cost of the 34 watt lamp is $1.50 per lamp. Local electrical rate is
$.06/)KWH (including demand charges). Electrical rate increases are expected to average
5%/year. The agency’s discount rate is 10%. O&M costs (e.g., cleaning) are not
expected to be different for the two types of lamps.

Should you purchase the 34 watt lamps or the 40 watt lamps if you want to obtain the
lowest life cycle cost lamps for your building?

Solution

First, we need to compute how much energy we will save each year by the energy
efficient 34 watt lamps. This is done by the following equation:

KWH Saved/Yr = Watts saved/lamp x no. of lamps x hrs. of operation per year x
.001 KWH/WH.

Watts saved = 40 - 34 watts = 6 watts saved per lamp (6 watts/lamp)
Hours of operation per year determined by:

Weekdays: 7 am. - 5 p.m. = 10 hours/day or 50 hours/week
Saturday: 8 a.m. - 1 p.m. = 5 hours/day or 5 hours/week

Total hours of operation per week = 55 hrs/wk x 52 wks/yr = 2,860 hrs/yr

Annual KWH savings = 6 watts/lamp x 1,000 lamps x 2,860 hrs/yr x .001 KWH/WH =
17,160 KWH/yr

11




Next, we need to determine the first year dollar savings. This is done by the following
equation:

“ First year dollar savings = No. KWH/yr. x $/KWH “

First year dollar savings = 17,160 KWH/yr x $.06/KWH = $1,030 saved in the first year
Economic Life:

The life of the energy conservation measure is determined by dividing the life of lamps
(20,000 hours) by the hours of operation per year, or:

Life = 20,000 hours / 2,860 hours of operation/yr = 7 years
We now develop the cash flow table:

Year 0 (Now)

Purchase 1,000 34 watt lamps. The difference in cost between the 34 watt lamps and the
40 watt lamps is $0.50/lamp. For 1,000 lamps, the cost difference is:

Cost Difference = 1,000 lamps x $0.50/lamp = $500

Annual Cash Flows

First Year Energy Cost Savings = $1,030

(Note: Energy and cost savings will occur through the year, but for analysis purposes, we
will assume they occur at the end of each year. This allows us to use the standard end-
of-year Present Value Discount Table presented previously. Results based on this
assumption are typically well within the accuracy range necessary for making a decision.)

These savings increase at the rate of 5 percent per year because of energy price
escalation of 5 percent per year.

7|
$1030 1082 1136 1193 1253 1316 1382 “

12



Annual Operations and Maintenance Costs:

There are no additional O&M costs from using the 34 watt lamps, so annual
maintenance costs (i.e., the difference in maintenance costs between the 34 watt lamps
and the 40 watt lamps) are zero.

The above steps can be combined to yield the following cash flow table:

With the cash flows now determined, we use the discount factors to determine the net
present value (NPV) of this investment. The NPV of an investment is equal to the
present value (PV) of the savings minus the present value (PV) of the initial investment.
To determine NPV, each cash flow must be brought back to the present through the use
of the appropriate discount factor at 10 percent for each year. NPV is determined by
subtracting the PV (initial cost or investment) from the PV (savings), or NPV = PV
(savings) - PV (cost or investment). If the NPV is greater than zero at 10 percent, the
investment will be acceptable; if the NPV is less than zero, we will reject the investment.

From the discount factor table, the 10 percent discount factors for each year are:

9091 8264 | .7513 .6830 .6209 5645 5132

13




Mutltiply the above factor by the corresponding yearly cash flow savings, we obtain the
following present values:

Present Value Cost: $500 x 1.000 = $500

Il Year 0 (Now) ”
(Discount factor is 1)

L Energy Cost Savings Disc. Factor ‘ PV Savings

| Year 1PV =$1030  x 9091 = $9%
Year 2 PV = 1082 X 8264 = 894
Year 3 PV = 1136 X 7513 = 853
Year 4 PV = 1193 X .6830 = 815
Year 5 PV = 1253 X 6209 = 778
Year 6 PV = 1316 X 5645 = 743
Year 7 PV = 1382 X 5132 = 709
Total PV savings = $5728

Net Present Value = PV (Savings) - PV (Investment or Cost)

NPV = $5728 - $500 = $5228

Since the NPV is positive, the energy efficient lamps would be purchased. For this
example, the Internal Rate of Return is approximately 210 percent.

Modification

Suppose you had just installed 1,000 standard 40 watt lamps, but after attending an
energy seminar you were consideting pulling out all the lamps and replacing them with
34 watt energy efficient lamps. Should you do so?

The analysis of this problem is quite straightforward. All the hard work is done. The

only cash flow item that has changed is the initial cost. Instead of $500 initial cost, the
amount is $1,500 (1,000 lamps times $1.50/lamp = $1,150).

14




The cash flow diagram is:

$1500
(Only item
that has
changed)
$1030 1082 1136 1193 1253 1316 1382
-0 -0 -0 -0 -0 -0 -0
($1500) $1030 1082 1136 1193 1253 1316 1382

With the cash flows now determined, we use the discount factors to determine the net
present value (NPV) of this investment. The NPV of an investment is equal to the
present value (PV) of the savings minus the present value (PV) of the initial investment.
To determine NPV, each cash flow must be brought back to the present through the use
of the appropriate discount factor at 10 percent for each year. NPV is determined by
subtracting the PV (initial cost or investment) from the PV (savings), or NPV = PV
(savings) - PV (cost or investment). If the NPV is greater than zero at 10 percent, the
investment will be acceptable; if the NPV is less than zero, we will reject the investment.

From the discount factor table, the 10 percent discount factors for each year are:

9091 8264 7513 .6830 .6209 .5645 5132

15




Multiplying the above factor by the corresponding yearly cash flow savings, we obtain the
following present values:

Year 0 (Now)
Present Value Cost: $1500 x 1.000 = $1500
(Discount factor is 1)

Energy Cost Savings Disc. Factor PV Savings

Year 1PV = $1030 X 9091 = $ 936

Year 2 PV = 1082 X 8264 = 894

Year 3PV = 1136 X 7513 = 853

Year 4 PV = 1193 X 6830 = 815

Year 5PV = 1253 X 6209 = 778 I
Year 6 PV = 1316 X 5645 = 743

Year 7PV = 1382 X 5132 = _709

Total PV savings = $5728

Net Present Value = PV (Savings) - PV (Investment or Cost)

NPV = $5728 - $1500 = $4228

Since the NPV is positive, the energy efficient lamps would be purchased. For this
example, the Internal Rate of Return is approximately 71 percent.



ANNUAL LIFE CYCLE COST ANALYSIS

CHART A

Annual Life Cycle Cost Analysis Heat Pump

Heat Pump Water Heaters (HPWHIANN.PIC)
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CHART B

Cumulative Life Cycle Heat Pump
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CUMULATIVE

LIFE CYCLE COST ANALYSIS

EE Fluorescent Lamps (Increm.Cost Anal)
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FINANCIAL ANALYSIS SOFTWARE

- PROGRAM DESCRIPTION

The enclosed data disk contains several Lotus 1-2-3 compatible spreadsheets that will
help you analyze the financial aspects of energy conservation measures (ECMs). There
are two types of spreadsheets on the disk--life cycle costing (LCC) spreadsheets and a
cash flow spreadsheet.

Using the life cycle costing spreadsheets, you will be able to separate those ECMs that
are truly beneficial to your institution from those that may look good but do not pass the
financial test of positive net present value (NPV). By using the cash flow spreadsheet,
you will be able to determine the cash flow to your institution as a result of implementing
a particular ECM or group of ECMs.

Both the life cycle costing spreadsheets and the cash flow spreadsheet are fast and highly
flexible. You can input ECM costs, energy cost savings, O&M costs, miscellaneous costs,
and financing interest rate (or discount rate for LCC analysis) and see the results right
on the screen. You can plot graphs of the results to compare different projects and
financing methods. In addition, you can save each analysis under its own file name and
look at it again at a later date.

As you gain experience with microcomputer spreadsheets, you can take the ones we have
provided for illustration purposes and modify them to meet your exact needs.
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PROGRAM REQUIREMENTS

System Requirements:

IBM Personal Computer or compatible

Display: Color or monochrome

Disk capacity: two 360k double-sided disk drives

Memory size: 256K

Maximum usable memory size: 640K

Operating system: PC DOS/MS DOS Version 2.0 or higher
Other hardware: color/graphics adapter, printer, plotter

Software Requirements:

Lotus 1-2-3 Version 2.01 or Lotus 1-2-3 macro compatible spreadsheet
program.

Operator Requirements:

Ability to use computer and simplest 1-2-3 commands. Basic understanding
of Lotus 1-2-3’s addition, subtraction, multiplication and division functions.

Data Required:

Amount Financed

Projected Annual Energy Savings
Period of Analysis

Interest Rate/Discount Rate

Life of ECM

Optional Data:

Owner’s O&M (+ or -)
Salvage Value
Construction and/or General Inflation




OPERATING PROCEDURES
(Computers with 2 Disk Drives)

STEP 1

Turn on your computer with your DOS disk in drive A. After the A> appears on the
screen, put the Lotus System Disk in drive A and your handout data disk in drive B.
Load 1-2-3 by typing Lotus after the A> as shown:

A>Lotus

Touch enter or return and follow the instructions on the screen until you have a blank
spreadsheet similar to the one shown below.

Set your directory to drive B within Lotus and proceed to step 2. To set up your
directory to drive B, just:

Bring up menu il Select DEFAULT  [D] Type [a:\]
Select WORKSHEET [W] Select DIRECTORY [D] Touch [ENTER]
Select GLOBAL [G] Touch ESCAPE [ESC] Select QUIT  [Q]




STEP 2

Now you can bring up any of the WK1 files on the data disk. Let’s bring up (load)
EXAM_CF5.WK1 and look at it. Just:

Bring up menu (/1
Select FILE [F]
Select RETRIEVE [R]

Highlight EXAM_CF5.WK1 and touch enter or return. The spreadsheet that loads is a
cash flow spreadsheet that allows you to compare cash flows associated with a term loan,

a bond, and a performance contracting agreement.

Below is the primary input area for the loan analysis portion of the spreadsheet.

LOAN CASH FLOW ANALYSIS

Saved as: EXAM_CF5.WK1
ECM: Energy Management System ECM Cost/Loan Princ: $500,000
ECM Life: 10 Years (Period of Analysis) "
First Year Energy Cost Savings: $200,000
Annual Energy Price Escalation: 5%/year
Initial O&M Savings (Costs): ($25,000) for 1st year
Annual O&M Escalation: 5%/year

Finance Rate: 10%/year Loan Term: 5 years

The inputs you can provide are shown in bold print. The values shown are for a sample
project: an Energy Management System (EMS). The spreadsheet assumes the entire
ECM cost of $500,000 will be financed by either a loan, a bond, an ESCO or other
lender. The output of the spreadsheet is shown in the data below the input area.

The entire Loan-Based spreadsheet is presented on the following page. After that, the
Bond-Based and Performance Contracting-Based Spreadsheets are presented.
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LOAN CASH FLOW ANALYSIS

Saved as: EXAM_CF5.WK1
ECM: Energy Management System ECM Cost/Loan Princ: $500,000
ECM Life: 10 Years (Period of Analysis)
First Year Energy Cost Savings: $200,000
Annual Energy Price Escalation: 5%/year
Initial O&M Savings (Costs): ($25,000) for 1st year
Annual O&M Escalation: 5%/year
Finance Rate: 10%/year Loan Term: 5 years

e ok 2k sk 3k ok sk 3 sk ok ok 2k e sk sk sk sk st sk sk st she s ske ok sk sk ok sk sk sk sk sk o sk st ke sk sk ok sk ke sk sk ok sk ok ok st sk ok she e ok sk sk sfe sk e ok sk sk sk ok sk sk ok sk 3k ok sk sk ok sk sk sk e ske sl sle sk s ok dhe sk e dle sk ke

Simple Payback Period: 2.5 years

ANNUAL
COST CUMULA-

SAVINGS ANNUAL TIVE

AFTER ANNUAL o&M ANNUAL CASH

YEAR ECM LOAN PMT. COSTS CASH FLOW

Now $0

1 200000 ($131899) ($25000) $43101 $43101

2 210000 (131899) (26250) 51851 94952

3 220500 : (131899) (27563) 61038 155990

4 231525 (131899) (28941) 70685 226675

5 243101 0 (30388) 80814 307489

6 255256 0 (31907) 223349 530838

7 268019 0 (33502) 234517 765355
8 281420 0 (35177) 246243 1011598
9 295491 0 (36936) 258555 1270153
10 310266 0 (38783) 271483 1541636
11 0 0 0 0 1541636
12 0 0 0 0 1541636
13 0 0 0 0 1541636
14 0 0 0 0 1541636
15 0 0 0 0 1541636
16 0 0 0 0 1541636
17 0 0 0 0 1541636
18 0 0 0 0 1541636
19 0 0 0 0 1541636
20 0 0 0 0 1541636

Net cumulative cash benefit over the 10 year life of the ECM is $1,541,636.
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BOND CASH FLOW ANALYSIS

Saved as: EXAM_CF5.WK1
ECM: Energy Management System ECM Cost/Loan Princ: $500,000
ECM Life: 10 Years (Period of Analysis)
First Year Energy Cost Savings: $200,000
Annual Energy Price Escalation: 5%/year
Initial O&M Savings (Costs): (825,000) for 1st year
Annual O&M Escalation: 5%/year
Finance Rate: 7%[year Bond Term: 10 years
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Simple Payback Period: 2.5 years

ANNUAL
COST CUMULA-
SAVINGS ANNUAL TIVE
- AFTER ANNUAL O&M ANNUAL CASH
YEAR ECM LOAN PMT. COSTS CASH FLOW
Now $0
1 200000 ($71189) ($25000) $103811 $103811
2 210000 (71189) (26250) 112561 216372
3 220500 (71189) (27563) 121748 338120
4 231525 (71189) (28941) 131395 469515
5 243101 (71189) (30388) 141524 611039
6 255256 (71189) (31907) 152160 763199
7 268019 (71189) (33502) 163328 926527
8 281420 (71189) (35177) 175054 1101581
9 295491 (71189) (36936) 187366 1288947
10 310266 (71189) (38783) 200294 1489241
11 0 0 0 0 1489241
12 0 0 0 0 1489241
13 0 0 0 0 1489241
14 0 0 0 0 1439241
15 0 0 0 0 1439241
16 0 0 0 0 1439241
17 0 0 0 0] 1439241
18 0 0 0 0 1439241
19 0 0 0 0 1439241
20 0 0 0 0 1439241

Net cumulative cash benefit over the 10 year life of the ECM is $1,489,241.
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PERFORMANCE CONTRACTING CASH FLOW ANALYSIS
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Saved as: EXAM_CF5.WK1
ECM: Energy Management System ECM Cost/Bond Princ: $500,000

ECM Life: 10 Years (Period of Analysis)

First Year Energy Cost Savings: $200,000
Annual Energy Price Escalation: 5%/year
Annual ESCO Service Cost: 18% of ECM $ = $90,000

Risk-Guarantee of Savings (% of ECM) 5%/year

Finance Rate: 10%/year Loan Term: 10 years
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Simple Payback Period: 2.5 years

ANNUAL
COST CUMULA-

SAVINGS ESCO GUAR. ANNUAL TIVE

AFTER "SERVICE PAYMENT LOAN CASH
YEAR ECM PAYMENT" TO ESCO PAYMENT FLOW

Now $0
1 200000 ($90000) ($25000) ($81373) $0

2 210000 (90000) (25000) (81373) 3627
3 220500 (90000) (25000) (81373) 17254
4 231525 (90000) (25000) (81373) 41381
5 243101 (90000) (25000) (81373) 76533
6 255256 (90000) (25000) (81373) 123261
7 268019 (90000) (25000) (81373) 182144
8 281420 (90000) (25000) (81373) 253790
9 295491 (90000) (25000) (81373) 338837
10 310266 (90000) (25000) (81373) 437955
11 0 (90000) (25000) (81373) 551848
12 0 0 0 0 551848
13 0 0 0 0 551848
14 0 0 0 0 551848
15 0 0 0 0 551848
16 0 0 0 0 551848
17 0 0 0 0 551848
18 0 0 0 0 551848
19 0 0 0 0 551848
20 0 0 0 0 551848

Net cumulative cash benefit over the 10 year life of the ECM is $551,848.
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STEP 3

When you are ready to enter your own data, just go to the top part of the spreadsheet
and input your data. The answers will appear in the bottom part of the spreadsheet.
You can think of the cumulative cash flow column as the total amount of money you
have saved since the ECM was implemented. Conversely, it is also the Cost of Delay
(COD) for not acting on valid energy conservation measures. The COD figures for the
loan option are presented below the loan-based cash flow spreadsheet.

STEP 4

Let’s look at a visual representation of the data on the sample spreadsheet. Just touch:

MENU ]
GRAPH  [G]
NAME [N]
USE [U]

Now use cursor arrow keys (<-- or -->) to highlight CUMCEFS to see cumulative cash
flows. Touch enter or return to call up the graph. The graph is shown on the next page.
You can do the same thing with your own facility’s data.

SOFTWARE ASSUMPTIONS AND USER OPTIONS

The cash flow and life cycle costing spreadsheets were developed under the following
assumptions:

- Equipment life of up to and including 20 years. (Period of analysis cannot
be greater than the equipment life.) '

- For both the cash flow and LCC spreadsheets, you have the ability to
escalate energy and O&M savings/costs at different rates.

- Ability to select different discount rates and loan/bond rates.

- For the LCC spreadsheets, you can enter miscellaneous costs/benefits for
each individual year.

- For the LCC spreadsheets, you can determine Internal Rate of Return
(IRR) of a potential investment with a quick iterative procedure.




cAD dOD ) A 0d  + dD puod o AD uvoy ¥

=2
N

(DI SAOMNND  “2J1) Sivaf

01 6 8 2 9 G 14 € G 1
| 1 _ | il | _ 1
lm.Hmwl
L. ﬁ%l
g
= l@.omwl
2 Se
Y-
© m l_ < O%
=
5 o
1 e eod
* 5 - - T¢
_H ]
s -G T$

WID)SAG JUQUWIQdBUR ASI2UY

MO'Td HSVO HALLVIOINLLD




I€T10LT

€8VILT

(g8L8¢)

99201€

01
183}

8v96Tyr1

§SS8ST

(9£69¢)

T6¥S62

“l

Ieax

€60TLTT

EVIOVT

(LL15€)

0ZY18C

"

189X

058YZ6

LISYET

(zosce)

61089¢

)

Ied)

yL8S

(0197 = ~xo1dde AdN IIL ML) %8€

097
L96'108%
L96'TOETS
e ¢z joeqhed odung %01
£E£069 ¥8699% 1LZPST L891S (osz1vt) (000s2€)
6VEE7T €1LZIT ¥8SZOT L6261 0SLEST 000SLT
(Lo61€) (88€0€) (1v682) (g9sL2) {0s792) (00052)
9575ST 101€VC STSIET 005022 000017 000007
9 5 2 € T T
;) § Jeax bi:=) ¢ Ieax Jes ) Jedx
%01
Te3K/956

1804 15193 (000°5Z$)
1e0k/9
000°00Z$

DIMTSNHDDT st paaeg

000°00S$ 480D WOd

SISATVNY LSOD HTOAD HATT

SO[8) WYl 103 AdN [eUL
(D) Wy Jo o1y [ewstuf
:01Y] JUSTIISHAU] 0) sTulaeg
(AdN) anjep 1ussa1g 19N
:s3uraeg onjeA jussarg

dtey] unodsIg

(000005) molg
ysed 'wry

(000005) #0L]
yseD 19N

$150D
Jsngosusg
OSIN

$150D
WZO s8]

suiaeg
150D AS1oug

(000005$) 150D WOd

0
Jesx%

91y UnodsIq

18y UonE[EOSH RO

i(s1500) sBuraes WO

ey uone[eosy ASisug
:sfuraeg 150D AS1ouq Jesax 18I
1834 01 [T Wod

wolsAg owofeuey Aoug  NDH

<
[ap}



ssop ysv) onuuy R
(OId TYNNVIT 2]1d) Savaf

3

1 [ | l i l I | I | l OO@%'

- 00¥$—
2
tn
2 S
£ L 0028— SN
o9 3
e £9 o 2
m mm =3
S 8 S 3
= - 0% R
- S
A
- 002¢
00%$

W2)SAS Juowagdeury AsIouy

SISATYNV LS0D dTOAD HAIT TVANNY




Chart G

Cumulative Life Cycle
EMS
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