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ABSTRACT

This report describes the LIFECC computer program developed at the
U.S. Department of Energy Rocky Flats Wind Energy Research Center for the
purpose of calculating the cost of energy produced by wind systems
according to the principles of 1ife cycle costing (LCC). Following a brief
explanation of the LCC concept and its advantages, the report explains
input variables to the program and their importance to various program
users, including manufacturers and designers, utilities, various institu-
tions and consumers. A detailed user's guide to the program is then
provided, together with a sensitivity analysis which discusses the impact
of key variables on wind system cost of energy and the importance of cash
flow to the wind system purchaser. Sample cases of program output and an
LIFECC program listing are provided in Appendices.
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GLOSSARY
(alphabetical listing of terms and definitions)

Annualized Cost of SWECS - The present-valued cost (or value) per

Energy (ACSE) - kWh of the energy produced by the wind

- systems over its lifetime. This figure
is presented in current-day dollars in
this analysis.

Depreciation Methods - For commercial applications, or for the
portion of an application which is rated

as commercial, three methods of depre-
ciation are offered with the COE
program:

1) straight depreciation;
2) declining balance depreciation;
3) sum of the years digits.

1) Straight Depreciation - Annual straight depreciation is found by
dividing the depreciation basis by the
depreciation life.

2) Declining Balance - The depreciation method which applies
the same rate in each year on the

declining balance of the depreciated
amount.

3) Sum of the Years Digits - A method utilizing a declining rate of
depreciation based on the number of
years remaining to depreciate.

Discount Rate (D Rate) - A rate used to relate present and future
dollars (costs or benefits) associated
with an investment project. The rate is
often referred to as an opportunity cost
because it should represent the best
alternative rate of return which an
investor could obtain from a similar-
risk investment (or opportunity).

Life Cycle Costing (LCC) - An evaluation technique used to assess
projects which have associated costs
and/or benefits distributed over their

useful lives.



Loan Payment

Net Present Value (NPV)

Opportunity Cost

Present Value

Sensitivity Analysis

SWECS

Weibull Constant

The annual principle and interest
payments on the loan based on the month
of the wind system installation.

The value of the SWECS project expressed
in installation-year dollars. The value
represents the present value of all
1ife-cycle energy savings minus the
present value of all life-cycle costs.

See Discount Rate.

The method of representing future
dollars in terms of today's dollars.

The concept is based on the premise that
a dollar received today is worth more
than a dollar to be received in the
future. The rate used to equate the
various year's dollars is the discount
rate.

Testing the outcome of an analysis by
varying the value of one or more input
variables from the initial values.

Small Wind Energy Conversion System, the
Term used in the COE program To describe
wind systems. While a SWECS is classi-
fied as a wind system rated at 100 kW or
less, the program may also be used for
larger systems.

The coefficient of the Weibull wind
distribution equation which character-
izes the winds frequency distribution at
a given wind site.
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kW
kih
LCC
mph
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PUC
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ROI
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NOMENCLATURE

annualized cost of SWECS energy
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Life Cycle Costing
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Public Utility Commission

Public Utilities Regulatory Policies Act
return on investment

Rocky Flats Wind Energy Research Center
utility buy back factor

small wind energy conversion system
yes or no

without

percent
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1.0 INTRODUCTION

The purpose of this report is to present a Cost of Energy (COE)
methodology which is computer interactive to allow an individual to deter-
mine the value of an investment in a wind system. This methodology has its
base in Life Cycle Costing in order to take into account the time value of
money and effects of inflation on an investment. This report will present
the information from which an intelligent use of the computer program can
be expected to result and will describe the variables that make up the
costs and benefits which accrue with the purchase and use of a wind
system. The influence of the variables which determine these costs and
benefits is examined from the points of view of users, manufacturers,
utilities, and various institutions.

2.0 WHAT IS LCC?

Life Cycle Costing (LCC) provides a method of economically evaluating
alternative energy devices based on the principles of the "time value" of
money so that a choice of products can be made on a comparable economic
basis. The concept of LCC analysis has its roots in accounting principles
used by all companies in analyzing investment opportunities. Any profit
seeking entity seeks to maximize its return on investment by making an
informed judgment on the costs and benefits to be accrued by the use of its
resources. Capital represents a "resource" in a company. Many investment
opportunities are competing for the use of that capital. An analysis of
the different investment opportunities available to a company yields a
ranked order of those opportunities based on the rate of return to be
realized. An informed decision is then made to proceed with the selected
investments within the capital limits of the company, in most cases based
on the maximum return-on-investment (ROI) to be realized.

The purchase of a wind system can be treated in the same manner as any
other investment, whether by a company, an individual, or an investment
partnership. Each has access to a finite pool of capital, and will
allocate that capital to reach the goal which he has set for himself. As
with all investment opportunities, there are competing products to allow
you to reach your stated goal. In an energy-related case for an indivi-
dual, the "goal" is the use of electricity, and the competing "products"
are the utility company and other electrical generating devices (which
include wind systems).

Similarly, for a potential corporate user the "goal" of the company is
maximizing profitability through the use of its resources. If an invest-
ment in an energy producing device such as a wind system can reduce a
company's operating expenses and thereby produce an ROI that is competitive
with other investment opportunities within the company, then it becomes an
economically prudent decision to purchase a wind system.



3.0 LCC AS APPLIED TO COST OF ENERGY OF WIND SYSTEMS

In order to determine the value of an investment in a wind system the
principles of life-cycle costing have been applied to the specific case of
the costs and benefits associated with the wind system investment. There
are two "costs" encountered with the purchase of a wind system. The first
includes one-time expenses associated with the purchase, delivery,
installation, hookup, and permits required for the wind system. The second
includes variable costs such as 0&M associated with the wind system through
its lifetime of operation. There are, similarly, two "benefits" patterns
which are associated with the economics of the wind system. The first of
them deals with immediate tax benefits due to the current legislation
involving renewable energy devices such as wind systems, and the second
deals with the use of and/or sales of the energy produced by the wind
system. Because both costs and benefits accrue through time in a variable
manner, the principle of Life Cycle Costing may be applied to the economics
of the ownership of a wind system in order to determine its value relative
to some other investments while taking inflation into account.

The mechanics of inflation are well understood by individuals involved
in investment decisions. Money can have a reduced value in time as
inflation forces prices upward, making each doTTar have lower purchasing
power. Also, an amount of money can increase in quantity by earning
interest from some investment. As long as the rate of inflation is equal
to the return on investment for a fixed sum of money, purchasing power is
not diminished. But, as is usually the case, if these two values are not
equal then the sum of money can increase in value (if an investment return
greater than inflation is realized) or decrease in value (if the
inflationary pressures increase faster than the return on the investment).

LCC methodology takes this variability of inflation and interest
applied to money and utilizes a mathematical model of the "time value of
money" to allow the user to project a "present value" for his investment at
any time in the future. Specifically, the model is represented by the
following formula:*

C. - B,
PY = z _1_.—1
i=1 (1 + QP
where:
PV = present value of the investment
N = lifetime of the investment in years

*For an in-depth discussion of the equations from which this present value
formula is derived, see Technical Report RFP-3120 SWECS Cost of Energy
Based on Life Cycle Costing.)




sum of the financial costs for the year "i
sum of the financial benefits for the year
discount rate (capital cost of money)

number of years from present until i
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The application of this formula and LCC methodology in a computer has
produced the cost of energy program (LIFECC) which this report describes.

4.0 INPUT VARIABLES - Their Importance to Program Users

The potential users of the COE analysis for wind systems are indivi-
duals and groups involved in the purchase, sale, manufacture, testing, and
financing of, or policy making involving, wind systems. Their use of the
analysis techniques is directed toward the same result, which is finding
the value of the product. But the input variables to the program differ in
importance to these individuals or groups based on their specific end use
for the output of the LIFECC computer program.

Other methodologies have been developed for value analysis, but LIFECC
is specifically tailored to the economics of wind systems. By isolating

the variables of hardware performance, energy production and utilization,
and economic variables, the program allows a user to economically describe
his specific installation.

The 19 input variables to the program fall into four major categories:
hardware factor, utility factor, economic factor, and tax factor. A
description of these terms introduces the reader to the cost and benefit
variables associated with a wind system, which are the inputs to the LIFECC
program. The variables are as follows:

I. Wind Systems Hardware Factors

1. Hardware/Installation Cost - This represents all one-time costs
associated with the purchase, delivery, installation, hookup and
startup of the SWECS, including all permits, licenses or fees
which are "one-time" costs.

2. Lifetime of SWECS - The expected operational lifetime of the
SWECS (which usually is the design estimate by the manufacturer);
or the expected useful life to the purchaser.

3. Yearly Availability - The percentage of time that the SWECS will
be "on-line" and capable of generation. This value is not deter-
mined by the presence or absence of wind, but rather by ability to
operate if sufficient wind is present.



II.

4.

Operating and Maintenance Costs - These represent all yearly costs
associated with running, maintaining, insuring, and licensing the
wind system. It includes insurance premiums, maintenance costs
for repairs by the dealer, yearly hookup fees from the utility,
land rental or permit fees to operate the wind system.

Replacement Costs - These represent major components such as
blades and generators that need to be replaced on an intermittent

basis and that add to the lifetime cost of the wind system. These
costs need to be included in the expected year of occurrence.

Salvage Value - The expected value of all components as salvage at
the end of the lifetime of the wind system.

Annual Energy Production - Given the wind resource, this value is
the expected kWh output of the wind system. This output may be
expressed or calculated in three ways as an input to the program:

a. Annual output, in kWh.

b. Monthly output, in kWh.

c. Power curve for the wind system, and Weibull wind distribution
factor for the wind regime.

Utility Related Factors

8.

9.

Grid Cost - The cost per kWh that the user currently pays for
utility supplied electricity. In the event of declining block
rates, in which the cost/kWh varies according to the quantity
used, this figure represents the cost per kWh of the last kkh
used.

Direct Use Factor - The percentage of the output of the wind
system that will be used directly by the residence and thus not
returned to the utility. In other work at RF, a direct use factor
curve was developed (see Figure 1) for residential use in resi-
dences with monthly loads ranging from 200 kWh/month to 3,000 kWh/
month.

Figure 1 shows that the direct use factor increases dramatically
when the wind system provides a smaller ratio of the user load.
For example, a ratio of 2.0 (wind system energy output twice the
user's energy requirement) gives a 0.2 (20%) direct use factor;
while a ratio of 0.5 gives a 0.6 (60%) direct use factor. Select-
ing a wind system which provides a very small percentage of the
load makes economic sense as long as buyback rates offered by the
utility are low relative to the utility's price for electricity.
If the buyback rate increases, a larger wind system would become
economically viable.



Figure 1
Direct Use Factor for Utility-Interconnected Applications
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Direct Use Factor

F(x) = 3.08x® - 1.5x%2 - 4.23x + 2.88
(Relationship between direct use factor and SWECS output/load ratio.)

Based on Field Evaluation Program data from Rocky Flats collected between
October 1979 and October 1981.



10. Utility Buyback Factor - The rate at which the utility company
will purchase cogenerated electricity backfed into its lines.
This number is expressed as a percentage of the user's grid cost,
and is usually a rate set due to PURPA* mandated prices or in a
written contract with the customer.

III. Economic Factors

11. Loan Amount - The dollar amount of the loan which a purchaser of a
wind system borrows to help finance the purchase.

12. Loan Interest Rate - The simple interest rate at which the loan is
being made by the banking institution.

13. Loan Term - The length of time for payback of the loan.

14. Grid Escalation Rate - The expected annual rate of inflation of
the utility grid price over the lifetime of the SWECS.

15. Operating and Maintenance Escalation Rate - The expected annual
rate of inflation for the labor involved in servicing the SWECS
and for procured parts for general maintenance.

16. Discount Rate - The "capital cost" of money, or the "opportunity
cost" of the use of this money for this investment. In residen-
tial applications, this number represents the rate of return for
the best alternate investment to the user that could be made over
the life of the SWECS.

IV. Tax Considerations

17. Residential/Business Use of Wind Systems - The percentage of the
costs and benefits of the wind system which will be allocated to a
"residential” use. (The purpose of this allocation is to

* The Public Utilities Regulatory Policies Act (PURPA) is a 1978 federal
statute which mandates interconnection of small power producers and
cogenerators and which requires Public Utility Commissions and unregu-
lated utilities to establish rates for the purchase of power. The PURPA
legislation spawned a boom in the development of avoided cost methodolo-
gies upon which rates can be based, and a wave of court cases challenging
its constitutionality. Whether or not PURPA survives its court tests, it
is evident that a rate-making procedure will emerge which will make SWECS
a viable economic means for producing electricity in at least some
settings.



determine tax credits and depreciation values, which are different
for "residential" and “"commercial" applications.)

18. Tax Rate - This value represents the income tax bracket which the
user of the SWECS is in for the purpose of determining tax credits
for Federal and State Income Tax. For combined residential/
commercial applications, use the tax rate of the business.

19. Tax Liability - In order to determine the amount of tax credit due
an individual or business in the year of purchase of the wind

system, the expected tax liability in that year must be known.

The tax credit due, which is determined in the program at a fixed
40% of the first $10,000 for Federal credits and a user-generated
amount for State credits, is applied against the tax liability for
residential applications. A 10% business tax credit and 15%
investment tax credit is allocated for commercial applications.

20. Depreciation Methods - If a wind systems installation is partially
or completely a "commercial" venture (as defined by U.S. tax

codes), then that portion of it which is commercial can be
depreciated. The three methods used are staight line, declining
balance, and sum-of-the-years digits. In all cases the user must
specify the depreciation life in years, the salvage value of the
wind system, and the choice of depreciation method. In all cases
the depreciation basis (amount allowable for depreciation) is
equal to the net of installed cost minus salvage value. The
depreciation life is set by the user based on his tax advisor or
recommendations.

The importance to the user of these variables which make up the LIFECC
program is determined by his role in the commercial chain of wind systems
involvement, either as a purchaser, manufacturer, or institutional entity.
Because each group can affect some variables, and be primarily affected by
some others, the relative importance of these terms to each group needs to
be highlighted.

The purchaser of a wind system is affected by all of the 19 input
variables to the COE program because the value of the wind system to him is

determined by energy cost and benefit associated with the wind system.

A dealer or distributor of wind systems is affected by the hardware
and installation costs directly since they affect his selling price, and by
tax credits since they reduce the purchaser's cost (and hence increase the
possibility of a sale).




A manufacturer is primarily affected by the hardware and installation
costs since his goal in utilizing the program is to reduce those figures in
order to make his product more competitive. Availability and system life
are other important variables over which the manufacturer has a degree of
control.

Financiers such as bankers and investors need to be assured of a
return on their investment and are primarily affected by the initial cost
(hardware and installation) of the wind system and the lifetime of the
product.

Policymakers have an effect on wind systems by controlling the tax
benefits of owning or investing in a wind energy device and by affecting
utility rates through PUC's and legislation such as PURPA. Their primary
interest would be the effect of their policies on the value of a wind
system by the utility and tax-related variables.

Now that the variables have been introduced and the groups impacted by
the variables identified, the user of this program needs to know the
mechanics of performing a cost of energy analysis for his specific case.

Decision Making for Variables in the COE Program

In order to choose variables for input into the program, the user of
this program can refer to the sample case studies in Appendix 1. A base
case is presented and single variable changes are made to allow for an
examination of the cash flow generated by each change. In addition, the
sensitivity analysis included in this report, which was generated from
incremental variances, allows the user to determine the relative impor-
tance of each variable.

As can be determined from each of those analyses, some variables have
a much greater impact on the value of an investment in wind systems than
others. Those variables which have a major influence are considered "key,"
and those are included in the sensitivity analysis so that purchasers,
dealers, manufacturers, and institutional users can determine for their own
application which ones they can impact.

A further analysis of the effect of variable changes as seen in the
sample cases presented in the appendix and the sensitivity analysis
presented in the next section of the report can lead one to a conclusion
which may not appear obvious. Given beneficial conditions for wind
systems, it is possible to arrive at a situation in which, over time, the
cumulative benegifs exceed the cumulative costs associated with the owner-
ship of the wind system. In this case a positive cash flow is generated
from the sale of electricity, and the income from the sale of electricity
combined with the avoided cost of wind system output used directly exceeds
the purchase and installation cost as well as 0&M. This is reflected in



the program output as a positive value in the "total cash flow" column, but
as a negative number for Tannualized cost of SWECS energy." (The reason
for the negative number is that it is a cost, and a "negative cost" is in
fact a positive benefit.) The implication is an encouraging one for
manufacturers as well as users since the product would have the potential
as an income producing investment given the set of conditions which would
produce a positive cash flow.

5.0 SENSITIVITY ANALYSIS

The results of the sensitivity analysis on the base case described in
this report are presented in Figure 2. In this diagram, the greater the
slope of the line, the greater the effect on the annualized cost of SWECS
energy (ACSE). The figures along the vertical axis can be used to deter-
mine the change in COE (in costs per kilowatt hour) from a base case of 10
cents. The three major influences on the value of the wind system are the
cost of the wind system and its installation, the output of the wind
system, and the inflation rate for the cost of utility electricity. Lesser
influences on the value of the wind system are initial cost of utility
electricity, lifetime of the wind system, 0&M, and the utility buyback
factor. From this analysis, certain conclusions can be drawn:

1. The initial purchase price of the wind system and its installation is
a key factor in the value of the wind system, as measured by the
annualized cost of energy. The reason for this importance at the time
of this report (1982) is the high inflation rate which allows for
other investment opportunities with high returns competing for the
investment dollar. The manner in which this initial investment can be
reduced is by tax credit for renewable energy devices such as wind
systems, or by reduced manufacturing and installation costs.

2. The output of the wind system provides the "value" which can be
derived from ownership of the wind system. Maximizing this output is
the next most important task to be addressed by manufacturers based on
this sensitivity analysis. Output can also be affected by the dealers
who select the installation site for the system.

3. The inflation rate for utility supplied electricity is an area that
owners of wind systems should, obtusely, desire to have increase
rapidly from the point of view of increasing the value of their wind
system investment. This is a narrow viewpoint, of course, since a
greater inflation rate creates greater expenses in other areas of an
individual's life. The point to be taken is that should electricity
continue to increase dramatically in price, then a wind system becomes
an economically better investment since it produces electricity at a
price previously determined by its purchase and installation cost.



Figure 2
Base Case Sensitivity Analysis
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Sample Case Studies

In order to tie to?ether the information presented thus far, a series
of case studies are included in Appendix 1 which show the effect on cash
flow of changing one or more variables in the input to the LIFECC program.
The base case is selected from a scenario of the possible operation of a
wind system selected from a mature marketplace and sited in a "typical"
wind resource. From this base case the value of the wind system is deter-
mined and the cost of utility electricity is varied as simulated events are
input into the program. This information is supplemental to the sensitiv-
ity analysis and provides the reader with an opportunity to examine the
cash flow generated by varying inputs to the program. The values support
the conclusions reached in the sensitivity analysis as to the importance of
initial cost and output of the wind system and the subsequent influence on
payback of the system as seen in the yearly cash flow figures. Cash flow
is particulary important during the early years of wind system ownership,
when the cost of each kilowatt produced may be very high relative to annual
expenditures on loans.

Other conclusions about the value of a wind system to an individual,
or the value of increasing (or decreasing) the cost or performance of some
aspect of the design of a wind system to a manufacturer, require the exact
figures for the application as an input into the program. As has been
demonstrated in the sample cases presented and the sensitivity analysis,
each case will bring a unique set of input variables into the program and
as a result will have unique cash flow characteristics.

11



6.0 A USER'S GUIDE TO THE LIFECC PROGRAM

The User's Guide which follows is intended to provide the details
necessary to perform Cost of Energy (COE) analyses of wind systems applica-
tions when the LIFECC program has been made operational on a computer. Use
of the program requires some knowledge of wind energy concepts and (parti-
cularly when stand alone applications are involved) of basic energy and
power concepts. It should be noted that the LIFECC program is only as
accurate as the variables used in running it.

Note that in the computer input, care must be taken to enter the
values required utilizing commas, decimal points, and letters exactly as
defined in the description of the "prompt." In the program, any numbers
relating to years or dollars are entered as integers, without decimal
points. Any percentage is entered as the decimai equivalent, from .00
(0%2)to 1.00 ( . Any fractions of a doTTar (as in utiTity grid cost)
are entered as decimal equivalents [6 cents/kWh is entered as .06 (dollars/
kWh)]. The only comma appearing in the input is to separate the month and
year of the installation date (March, 1982 is entered as 03,1982).

Computer Coding

A listing of the FORTRAN V encoded program which performs the input,
calculation, and output functions of the LIFECC program is included in the
Appendix 2. The main program ("MAIN") accesses the 11 subroutines and
performs the role of controller in calling subroutines for calculations of
values used in the program. It then interfaces with the user through the
terminal to allow for variable changes and presentation of the economic
analysis, both on the terminal screen and on the line printer.

This program is resident at Rocky Flats on a Data General Eclipse
S/250 mainframe and is written in Fortran V compatible with a Data General
Fortran compiler. Some symbols and functions may require revision if the
program is converted verbatim to a compiler on a different system. The
storage (memory) size requirement is 32 K.

12



2.

3.

Running the LIFECC Program
Use a terminal tied in to the computer.*

Follow the computer “"prompt" with the following code words:

Prompt User's Response

a) - (cursor) <CR>**

b) User Name LIFECC <CR

c) Password LIFECC <CR>

d) (Messages followed by) > LIFECC <CR>

e) File Name _ _ __ (1 to 4 letter word of your

choice)

f) Title of Analysis _ (1 to 60 letter title

————— which will appear on
printout)

You are now logged onto the system. Next will be a series of prompts
from the computer, and your responses to those prompts are the input
values for the COE analysis. A definition of the inputs required and
an example value follow.

Example
Prompt Description Input
SWECS Installation Cost = $§ The nonrecurring costs of a 10000
SWECS installation. These
include purchase price of
SWECS; installation cost;
initial utility hookup charge;
easements; engineering costs;
any other one-time costs.
Years of SWECS Life = Enter the number of years 20

which the SWECS is expected to
operate, or the number of
years desired for a "payback"
analysis.

* At Rocky Flats, the program is run on a Data General Eclipse $/250.

** <CR> means depressing tl

e "return” key on a terminal.

13



Example

Prompt Description Input
Residential Use Fraction = The percentage of SWECS output 1.00
which is to be utilized for

noncorporate uses, expressed
as a decimal equivalent from
0.00 to 1.00.

Installation Date (MM,YYYY) = The month, year in which the 01,1982
installation of the SWECS
would be completed, expressed
as a 2-digit month, a comma,
and a 4-digit year.

Loan Amount = § The amount of money borrowed 8000
on time for the SWECS
installation.

Loan Term (Years) = The number of years for which 10

the loan payments are due.

Loan Interest Rate = The fixed interest rate at .12
which the money was loaned,
expressed as a decimal equiva-
lent from .00 to .99.

"User's Discount (Opportunity Enter the expected return from .12

Cost) Rate" = your best alternative invest-
ment. Ideally the alternative
investment should have a com-
parable risk factor. This is
called an "opportunity cost"
because investing in the wind
turbine would prevent you from
investing in an alternative
project with those funds.
Expressed as a decimal equiva-
lent from .00 to .99.

Utility Buyback Factor = The fraction of the utility 5
billing rate per kWh that the
utility will pay you for
co-generated electricity,
expressed as a decimal equivalent
from .00 to 1.00 (or larger
for a buyback greater than 100%).

14



Prompt
Availability Factor =

Utility Grid Cost = §

Utility Grid Cost Escalation
Rate =

First Year Tax Bracket =

First Year Tax Liability
(w/o SWECS) = §

Is direct use factor
constant (Y/N)?

Description

The percentage of time that
the wind system will operate
on a yearly basis, accounting
for downtime, maintenance

and repair; expressed as a
decimal equivalent from .00 to
1.00.

The cost of utility supplied
electricity at the place of use.

The annual rate at which utility
costs are expected to inflate
over the life of the wind
system expressed as a decimal
equivalent from 0.00 to 1.00.

Your Federal tax bracket,
expressed as a decimal equi-
valent from 0.00 to 1.00 which
corresponds to the percentage
of income paid in taxes.

Estimated tax bill for the
year in which the wind system
is installed. This is used in
determining tax credits for
the wind system. Enter "0" if
you wish to figure COE without
federal tax credits.

The direct use factor is that
percentage of ‘wind system-
produced energy which is
utilized by the owner in place
of grid energy. If you want
to vary this factor by year,
enter "N" (no); otherwise,

"Y" (yes) is entered.

(In the event that "N" is
entered, the computer will
request that the direct use
factor which the user wishes
to use is entered for each

15

Example
Input

.95

.06

.14

'35

5000



Direct Use Factor =

Operating and Maintenance
Costs for 1 year = §

0&M Escalation Rate =

Do you wish to enter 0&M
costs by year (Y/N)?

Do you have replacement
costs to enter (Y/N)?

Enter State Tax Benefits =

Description

year of the lifetime of the
SWECS. The computer will
prompt with the year, and accept
your input from the terminal.)

The value of the direct use
factor is entered as a decimal
equivalent from .00 to 1.00,
(see Figure 1).

The recurring costs associated
with the operation of a wind
system, including maintenance,
utility monthly charges for
interconnection, insurance
premiums, land rental, and
other constant costs.

The inflation factor for 0&M
costs, expressed as a decimal
equivalent from .00 to 1.00.

If you anticipate yearly change
in 0&M beyond inflation, enter
"Y" (yes); otherwise "N" (no).

(If "Y" is entered, the computer
will prompt you with each year
in the lifetime of the SWECS,
and the user should enter the
0&M costs expected in that year.)

If you wish to enter non-
recurring costs, such as
replacing blades, in the opera-
tion of the wind system, enter
“Y" and then enter the values
in the years you expect them to
occur; otherwise, enter "N."

Each state has a different tax
structure regarding tax credits.
Enter the amount that your

16

Example
Input

5

100

.10



PromEt

Depreciation Method

1) Straight Depreciation

2) Declining Balance

3) Sum of the Years Digits

Example
Description Input

state will credit you for the
installation of the wind system.

(Note that federal taxes are
computed automatically.)

If you have a Residential Use
Fraction less than 1, then
there are corporate deprecia-
tion benefits. Determine
which depreciation method you
wish to use, and then answer
the prompt for depreciation
1ife or declining balance rate.

Annual straight depreciation is
found by dividing the deprecia-
tion basis by the depreciation
1ife. The program prorates de-
preciation for the first and last
years of the depreciation life
depending on the month of instal-
lation.

The depreciation method which
applies the same rate in each
year on the declining balance
of the depreciated amount.
Ratios up to 200 percent can be
chosen to accelerate the depre-
ciation.

The program calculates deprecia-
tion using sum of the years
digits. For example for a five-
year depreciation the first year
would allow a deduction factor of
(5/1 + 2 + 3 + 4 +5), The second
year would allow (4/1 + 2 + 3 + 4
+ 5), etc. VYearly depreciation
is equal to the depreciation factor
times the depreciation basis.
Adjustments are automatically
prorated for installations com-
pleted in any month of the year.

17



Example
Prompt Description Input

Salvage Value of SWECS = § The salvage value of the wind 0
system at the end of its lifetime
(in present dollars). This value
is difficult to estimate and, to
be on the safe side, the user may
want to enter only the scrap value
of the machine.

Energy Production Method

1. Annual energy produced.

2. Energy produced by month.

3. Use SWECS power curve
(and wind distribution)
for annual average.

Enter Energy Production Enter the number 1, 2, or 3 1
Method which corresponds to the

energy production method which

you want to use for the wind

system.

Then enter the amount of energy 4400
produced or the parameters of

wind system performance accord-

ing to the "prompt" by the

computer.

If "2" is entered, the computer
will prompt you with the month,
from January to December, and
you should enter for each month
the expected monthly kWh pro-
duction from the wind system.

If "3" is entered, the program
enters a subroutine which takes
input from the user for both
power curve of the wind system
in question, and the yearly
average wind speed and Weibull
"K" factor of wind variability.
The user can enter 8 wind speeds
(in m/s) and corresponding power
output (in kW) of the wind

18



Promgt

system.

Example
Description Input

For Weibull "K" factor,

the user should enter a default
of 2.0 (the Rayleigh distribution
case) if the value is not known.

Using these numbers yields an analysis of yearly cash flow and
annualized cost of energy which is detailed in the first example in

Appendix 1.

Stand Alone Applications

The LIFECC program is written specifically for utility-interconnected
applications, but the program inputs can be varied to arrive at cost of
energy values for stand alone applications as well.

The modifications and adjustments for various prompts are listed below.

Prompt

SWECS Installation Cost

Utility Buy Back Factor
Utility Grid Cost

19

Modification/Adjustment

Installied cost should reflect
all costs associated with the
stand alone system. Typical
auxiliary equipment and other
requirements can include storage
batteries, inverter, a mechani-
cal heating unit (heat churn),
storage tanks, piping, insula-
tion and heating system modifi-
cations.

Should be entered as "0."

This may be the utility power
cost or the cost of an alter-
native or competing energy
source. If the unit cost of
the alternative source (diesel
generator, gas or oil heat, or
photovoltaic equipment) is not
expressed in cents/kWh, it must
be converted for the program to
work.



PromEt
Direct Use Factor

Replacement Costs

20

Modification/Adjustment

This factor should reflect the
percentage of the system's
annual energy output the user
expects to consume. This is
particularly important for a
stand alone system.

Unlike many components in wind
systems, the useful life of
storage batteries is well
documented. The cost of new
batteries should be entered at
the appropriate time if the user
expects to operate the system
for many years.
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BASE CASE

SWECS Installation Cost = $ 10000.00
Years of SWECS lifa = 20.
Installation Date = 171782

Total amount of loan = $ 8J00.90
Down payment on loan = § 2000.00
Loan Term = 1). y2ars

Loan Interast Rate = «120

Calculated annual loan paymnent = §$ 1415.88

User’s Discount(dpportunity Lost) Rate = ,120
Usar’s Tax crace2t = .350

First year tax liability (w/o swaecs) = § 7003.20
Enter residential use fraction = 1.090

Utility 5rid Cost for first year (8/kuwh) = $ ,060

Utility grid cost Escalation Rate = « 140
Utility buy back factor = «500
et future costs/banefits-——~-=-=< haiatadias .-

Operating and Maintenaace Costs for first Year = §
Operating and Maintenanc2 factor is constant,
Operating and Maintenance Escalation rats =

Availability factor = -95
Total direct use factor = .500
Salvaga value of SWECS = $ «J0

tconomic utilization factor = .750
Total first year tax beonafits {includes state)= §

Annual energy yiesld= 4400. kuwh

------------- OCOHO’niC analysis---—--——---—----

Annualized cost of SWECS ensrgy = % .101
Annualized cost of grid energy = ¢ .03S

1-3
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10

4070.00



Cash flow

Costs

3515.88
1525.38
1536.38
1548.98
1562.29
1576.92
1593.03
1610.75
1630.23
1551.67
259.37
285.31
313.84
345.22
379.75
617.72
459.49
505.44
555.98
611.58
.00

P.V. Costs

Yaarly cash flouw

Yaar 3Jenefits
1982 4502.15
1283 506.27
1984 511.34
1985 517.5%
1986 525.12
1987 534.28
1983 545.32
1989 558.59
1990 574.47
19291 593.41
1992 615.97
1993 702.20
1994 8300.51
1995 912.53
1996 1040.34%
1997 1135.93
1993 1352.02
1999 1541.30
2000 1757.03
2001 2003.07
2002 .00
Yearly present value
Yaar P.V. Benefits
1782 4502.15
1983 452.03
1984 407.64
1785 363.39
1986 333.72
1987 303.16
1988 2756.28
1989 252.68
1990 232.02
1991 213.99
1992 198.33
1993 2C1.87
1994 205.47
1995 20%.14
1990 212.38
1997 216.68
1993 220455
1999 224.48
2000 228.49
2001 232.57
2002 .00

3515.38
1362.39
1225.19
1102.53
992.%6
894.79
807.08
723.62
658.43
595.61
83.51
82.02
80.56
77.12
77.70
76432
74.95
73.61
72.30
71.01
.00

1-4

985.28
-1019.61
=1025.53
=1031.42
-1037.17
-1042.565
-1047.71
-1052.16
-1055.77
-10583.25

356.59

416.39

486.67

367.36

660.59

768427

392.53

1035.36
1201.10
1391.49

.00

Yearly

P.V. change

986.28
-910.36
-817.55
-734.15
-659.14
-591.63
-530.80
=475.94
=426.41
-331.62

114.81

119.85

124.92

130.02

135.17

140.356

145.59

150.87

156.19

151.56

.00

Total cash flow

985.28
-33.33
-1058.36
-2090.28
-3127.45
-4170.10
-5217.81
-6269.96
-7325.73
-8383.98
-8027.38
-7510.49
-7123.82
=6558.46
-5895.87
-5127.60
-4235.07
-3199.21
-1998.11
-606.52
-606.62

Total NPV

986.28
75.91
-741.64
-1475.78
-2134.92
-2726.55
-3257.35
-3733.30
-4159.70
-6541.32
-4426.50
-4306.65
-4181.73
-4051.71
-3916.54
-3776.18
-3630.59
=3479.72
-3323.53
-3161.96
-3161.96



INSTALLED COST DECREASED TO 3000

SWECS Installation Cost = § 3000.00

Years of SWECS life = 20.
Installation Date = 171982

Total amount of loan = § 6400.00
Down payment on loan = § 1600.00
Loan Term = 10. years

Loan Interast Rate = «120

Calculated annual loan paymnent = § 1132.70

Usaer’s Discount(dpportunity Cost) Rate = .120
User’s Tax Brackat = .350

First year tax liability (w/o swecs) = §$ 7000.00
Enter residential use fraction = 1.000

Utility Grid Cost for first year (3/kuwh) = ¢ .060

Utility grid cost Sscalation Rate = «14)
Utility buy back factor = «500
bty future costs/benefits——==----c==-=-- ---

Operating and Maintenance Costs for first Year = §
Oparating and Maintenance factor is constant.
Oparating and Maintenance Escalation rate =

Availability factor = «95

Total direct use factor = 500

Salvage value of SWELS = s .00
Economic utilization factor = .750

Total first year tax benafits (includes statae)= §%

Annual energy yiald= 4400, kwh

------------- oconnmic anal ysis--—---——--—-----

Annualized cost of SWECS energy = 8§ .057
Annualized cost of grid enaergy = $ .08S
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Cash flow

Year Benefits
1982 3634.95
1983 442,99
1784% 452.25%
1985 453.28
1986 476.22
1987 471.41
1988 509.20
1989 530.02
1990 554.37
1991 $82.89
1992 615.97
1993 702.20
1794 820.51
1995 912.58
19946 1040.34
1997 1185.98
1998 1352.02
1999 1541.20
2000 1757.03
2001 2003.07
2002 -00
Yearly present value
Yaar P.V. Benefits
1982 3634.95
1983 395.45
1984 360.54
1985 329.75
1986 302.65
1987 273.84
1983 257.98
1987 239.76
1990 223.90
1991 210.16
1992 198.33
1993 201.37
1994 205.47
1995 209.14
19956 212.88
1997 215.68
1993 220.55
1299 2264.48
2000 228.49
2001 232.57
2002 «00

Costs

2332.70
1242.70
1253.70
1265430
1279.11
1293.75
1309.36
1327.57
1347.06
1363.4°
259.37
285.31
313.54
345.22
379,75
$17.72
459.49
505.44
5535.98
$11.58
.00

Yegarly cash flow

P.v.

Costs

2832.70
1109.55
999.44
900.97
812.90
724.11
663.62
80N0.53
544.06
493.49
83.51
82.02
8l.56
79.12
77.70
76.32
74.95
73.61
72.30
71.01
.00

1-6

802.25
-79%.80
-801.44
-802.52
-302.39
-302.35
-30D.66
=797.55
=792.69
-785.70

356.59

416.89

485.67

567.36

662.59

768,27

292.53
1035.86
1201.10
1391.469

.00

Yearly

P.V. change

802.25
~714.11
-638.90
-571.22
-510.25
=455.27
-435.64
=-3460.77
~-320.16
-233.33

114.81

119.85

124.92

130.02

135.17

140.36

145.59

150.87

156.19

161.56

.00

Total cash flow

302.25
2.45
-798.99
-1601.51
-2404.40
=3206.75
-4007.41
=4804.95
-5597.65
-6383.34
-6026.74
-5560%.85
-5123.18
-4555.82
-3395.23
-3126.96
-2234.43
-1198.57
2.53
1394.02
1394.02

Total NPV

802.25
88.14
-550.76
-1121.98
-1632.23
-2087.51
-249%.14
-2853.92
-3174.07
=3457.49
-3342.59
=3222.74
-3097.83
-2967.80
-2832.63
-2692.27
=2546.68
-2395.81
-2239.62
-2078.05
-2078.05



INSTALLED COST INCREASED TC $12000

SWECS Installation Cost = $ 12000.00D

Years of SWECS life = 20.
Installation Date = 1/1982

Total amount of loan = $ 9502.00
Down payment on loan = § 2400.00
Loan Term = 10. years

Loan Interest Rate = .120

Calculated annual loan paymnent = § 1699.)5

User®s Discount(Opportunity Cost) Rate = .120
User’s Tax Bracket = 4350

First year tax liability (w/o swecs) = § 7000.90
Enter residential us2 fraction = 1.000

Utility Grid Cost for first year ($/kwh) = $ .,060
Utility grid cost Escalation Rate = « 14D
Utility buy back factor = «500

---------- future costs/banefits---===--—--c=c=ao

Dperatinj and Maintenance [osts for first Year = $% 100.00
ODperating and Maintenance factor is constant,
Operating and Maintenanca £scalation rate = -10

Availability factor = «95

Total direct use factor = ,50C

Salvage value of SWECS = $ .00

Economic utilization factor = .750

Total first year tax hbHenefits (includes stata2)= $ 4000.00

Annual energy yiald= 4420. kwh

$ .162
$ .035

Annualized cost of SWECS energy
Annualized cost of grid energy
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Cash flouw

Year 8enefits

1982
1983
1984
1985
1786
1987
1983
1989
19990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Yearly present valuse

Yaar P.V¥. Benefits

1982
1983
1984
1785
1986
1987
1988
1987
1990
1991
1992
1993
1994
1995
1996
1997
1993
1999
2000
2701
2002

4569.35
569.64
570.42
571.83
574.02
577.15
531445
58715
594.57
6J4.03
615.97
702.20
890.51
912.53

1040.34

1135.98

1352.02

1541.30

1757.08

2003.07

«00

4569.35
508. 61
§54.74
407.92
364.80
327.49
294.58
265.560
240.14
217.832
193.33
201.37
205.47
209.14
212.88
215.68
229455
224.48
228.49
232.57

«20

Costs

4197.05
1809.05
1323.35
1332.15
1345.46
18360.10
1376.21
1393.92
1913.41
1934.84
259.37
285.31
313.34
345.22
379.75
817.72
459.49
505.44
555.98
£11.58
.00

37J3.30
=1239. 41
-1249.63
=1260.32
=1271. 44
-1282.95
-1296.76
-130%.77
-1318.34
-133)2.81
356.59
416.89
485.57
567.36
560.59
768.27
892.53
1035.36
1201.10
1391.49
«00

Yearly cash flow

P.V. Costs

4199.05
1815.22
1450.93
1304.09
1172.83
1055.47
950.55
356.72
772.80
597.73
83.51
82.02
892.56
79.12
77.70
75432
74.95
73.561
72.30
71.01
.30

1-8

Yearly P.V. change

370.3)
~1106.62
-996.2
-897.07
-808.03
~727.93
~655.97
=591.12
~532.66
-479.91
114.81
119.85
124.92
130.02
135.17
140.36
145.59
150.87
156.19
161.55
.00

Total cash flow

370.30
-869.11
-2118.74
-3379.95
-4650.50
=5933.45
-7228%.20
-8534.97
-9853.81
11186.62
10828.02
10411.12
=9924.45
-9357.10
-8696.50
=792%.24
-7035.71
-5999.84
~4798.74
-3407.25
-3407.25

Total NPV

370.30
~736.32
-4732.51
-2629.58
-3437.61
-4165.59
-4821.56
=-5412.67
-5945.33
-6425.23
-6310.41
-5190.57
-5065.65
-5935.62
-5800.45
-5660.09
-5514.49
-5363.62
=5207.43
-5045.8%6
-5045.856



LIFETIME REDUCED TO 15 YFARS

SWECS Installation Cost = % 10000.00
Years of SWECS life = 15.
Installation Data = 171982

Total amount of loan 3 80002.00
Down payment on loan $ 2005.00
Loan Term = Ve years
Loan Intara2st Rate = <120

Calculated annual loan paynent = § 1415.38

-~ 0 U

User®s Discount({Opportunity Cost) Rate = .120
User®s Tax Brackat = .350

First year tax liability (w/n swecs) = §$ 7303.00
Enter residential use fraction = 1,000

Utility Grid Cost for first year (3/kwh) = $ .060

Utility grid cost Cscalation Rate = « 140
Utility buy hack factor = «500
---------- future costs/benafitsg-~-—==-c-c-cccc--
Operating and Maintenance Costs for first Year = $

Operating and Maintenance factor is constant.
Operating and Maintenance Escalation rata =

Availability factor = «95

Total direct use factor = .500

Salvage value of SWECS = $ =20
Economic utilization factor = 750

Total first year tax bena2fits (includes statz)=§

Annual energy yield= 4400. kuh

------------- econo“ic analysis_--—-—-------_--

$ 138
$ .078

Annualized cost of SWELS energy
Annualized cost of grid 2nergy
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Cash flow

Year Benefits

1982 4502.15
1983 526.27
1984 511.34
19385 517.5%6
1986 525.12
1987 534.28
1983 545.32
1989 558.59
1990 574.47
1991 593.41
1992 615.97
1993 702.20
1994 800.51
1995 912.5%
1994 1040.34
1997 .00

Yearly present value

Year PaV. Benefits

1982
1982
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

4502.15
452.03
407.54
368.39
333.72
303.16
276.28
252.48
232.92
213.99
193.33
201.87
205.47
209.14
212.88

<20

Costs

3515.38
1525.88
1536.88
1547.98
1562.29
1576.73
1593.03
1610.75
1630.23
1651.67
259.37
285.31
313.84
345.22
379.75
.00

P.V. Costs

3515.88
1362.39
1225.19
1102.53
992.36
394.79
307.08
728.62
653%.43
595.61
83.51
82.02
80.56
79.12
77.70
«0N0

986.28
=1219.51
-1025.53
-1031.42
-1037.17
=1342.65
-1047.71
-1052.16
-1355.77
-1058.25

355.59

4156.839

485.47

567.36

563.59

.00

Yearly P.V. change

1-10

Yaarly cash flow

986.23
-910.36
-817.55
=734.15
=659.14
-591.63
-530.80
-475.94
~426.41
-321.62

114.81

119.85

124.92

130.02

135.17

«.0d

Total cash flow

986.28

-33.33
-1058.%6
=2290.28
=3127.45
-4170.10
-5217.31
-6269.96
-7325.73
-8383.98
-8027.38
=7610.49
-7123.82
-6555.46
-5895.87
-5895.37

Total NPV

926.28
75.91
-741.64
-1475.78
-2134.92
=2726.55
=3257.35
=-3733.30
-6159.70
-46541.32
=4426.50
-4306.65
-4181.73
=4051.71
-3916.54
-3916.54%



"LIFETIME INCREASED VO 25 YEARS

SWECS Installation Cost = $ 10000.00
Years of SWECS life = 25.
Installation Date = 1/1982

Yotal amount of loan = $ 8000.00
Down payment on loan = § 2000.00
Loan Term = 1. years

Loan Interast Rate = .120

Calculated annual loan payment = § 1415.88

User’s Discount(dpportunity Cost) Rate = .120
User‘s Tax Bracket = .350

First year tax liability (w/o0o swaecs) = § 7000.00
Enter residential use fraction = 1,000

Utility Grid Cost for first year (%/kwh) = $ .060
Utility grid cost Escalation Rate = « 140
Utility buy back factor = « 500

---------- future costs/bhenefits—-=---ve-c-—eom--

Operating and Maintenanca Costs for first Year = $
Operating and Maintenance factor is constant.
Operating and Maintenance CSscalation rate =

Availability factor = «95

Total direct use factor = .5720

Salvaga value of SWECS = $ .00
Economic utilization factor = .750

Total first year tax banefits (includes state)= §

Annual energy yield= 4400. kuh

---—-------—-econo’ic anal ysis—--——--—-——----—

Annualized cost of SWECS energy = $ .0489
Annualized cost of grid anergy = % .033

1-11
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Cash flow

Total cash flow

Year Benefits Costs Yearly cash flouw

1982 4502.15 3515.38 985.28 986.28
1783 506.27 1525.38 =-1019.51 -33.33
1984 511.34 15356.38 =-1025.53 -1058.86
1985 517.56 1548.98 -1031.42 -2090.28
19846 525.12 1562.29 -1337.17 -3127.45
1987 534.28 1576.73 =1042.65 =4170.10
1988 545.32 1593.03 =-1047.71 -5217.81
1987 558.5% 1510.75 =1052.16 -6269.96
1993 S574.47 1630.23 =-1355.77 -7325.73
1991 593.41 1551.67 -1058.25 -8383.98
1992 615.97 259.37 356.59 -8027.38
1993 702.29 285.31 416.89 =7610.49
1994 800.51 313.84 485.57 -7123.82
1995 912.53 345.22 567.35 =6556.46
1996 1040.34 379.75 660.59 -5895.87
1997 1185.92 417.72 768.27 -5127.50
1998 1352.02 459,49 392.53 -4235.07
1999 1541.30 505.44 1035.836 -3199.21
2000 1757.08 555.98 1201.10 -1998.11
2001 2003.07 11.58 1391.49 -606.62
2002 2283.50 §72.74 1510.76 1004.15
2003 2603.19 740.21 1863.18 2867.32
2304 2967.63 314.01 2153.52 5020.94
2005 3383.09 895.41 2487.58 7508.62
2006 3856.72 984.95 2871.77 10383.39
2007 «00 .00 «00 10380.39
Yearly present value

Year P.Ve. Bonefits P.V. Costs Yearly P.V. change Total NPV
1982 $502.15 3515.88 936.23 986.28
1983 $52.03 1362.39 -910.35 75.91
1984 407.54 1225.19 -817.55 -741.64
198S 363.39 1102.53 =734.15 -1475.78
19846 333.72 792.86 -659.14% -2134.92
1987 303.16 894.79 -591.63 =2726.55
1788 276.28 807.08 -530.80 -3257.35
1989 252.68 728.62 =475.94 -3733.30
1990 232.02 $458.43 =426.41 -4159.70
1991 213.99 595.61 -331.62 -4541.32
1992 198.33 83.51 114.81 -4426.50
1993 201.87 82.02 119.85 =-4306.65
1994 205.47 80.56 124.92 -4181.73
1995 209.14 79.12 130.02 -4051.71
1996 212.88 77.70 135.17 -3916.54
1997 216.68 76.32 140.35 -3776.18
1993 220.55 T4.95 145.59 -3630.59
1999 224.48 73.61 150.87 =3479.72
2000 223.49 72.30 156.19 -3323.53
2001 232.57 71.01 161.5% -3161.95
2302 236.73 6%.74 156.98% -2994.98
2003 240.95 63.50 172.46 -2822.52
2004 265,25 67.27 177.98 -2644.54
2305 249.63 65.07 133.55%6 -2460.98
2006 254.09 64.89 189.29 -2271.78
2007 00 «00 .09 -2271.78

1-12



Q&M INCREASED TO $200/YVEAR

---------------- initial variables~-===~=c=s-=-=-

SWECS Installation Cost = $ 10000.00
Years of SWECS life = 20.
Installation Date = 171982

Total amount of loan = §$ 8300.00
Down payment on loan = § 230023.00
Loan Term = 10. yeoars

Loan Intara2st Rate = -123

Calculated annual loan payment = § 1415.38

User‘s Discount(Opportunity Cost) Rate = .120
Usar’s Tax Bracket = ,.330

First year tax liability (w/o swecs) = §$ 7000.00
Enter residential use fraction = 1,000

Utility 5rid Cost for first year ($/kwh) = $ ,060

Utility grid cost Escalation Rate = 140

Utility buy back factor = « 500

---------- future costs/benefitg~==-r=ccocccnvao-

Dperating and Maintenance Costs for first Year = § 200.00
Operating and Maintenancs factor is constant.

Operating and Maintenance Etscalation rate = -10
Availability factor = <95

Total direct use factor = .500

Salvage value of SWECS = s «00

Economic utilization factor = ,750
Total first year tax benefits (includes state)=§ 4000.00

Annual energy yield= $400. kwh

- - - -——----econonic anal ysis——--—----------—

Annualized cost of SWELS energy = $ .156
Annualized cost of grid anergy = § .



Cash flouw

Year Senefits

1282 4522.15
1983 506.27
1984 511.34%
1985 517.55%
1986 525.12
1987 $534.2%3
1988 545.32
1989 558.59
1990 S74.47
1991 593.41
1992 615.97
1993 732.20
1994 80C.51
1995 912.58
1995 1040.34
1%97 1135.93
1998 1352.02
17299 15461.3)
2909 1757.08
2901 2003.07
2002 .00

Yearly present value

Yoar PeVe Bonefits

1982
1783
1984
1985
1986
1987
1983
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2300
2001
2002

4502.15
452.03
407.54
363439
333.72
303.16
2756.28
252.58
232.02
213.99
193.33
201.87
205.47
209.14
212.38
216.48
220455
224.48
228.49
232.57

- 00

Costs

3515.38
1435.838
1557.38
15482.08
1703.70C
1737.98
1770.19
1305.5%2
1344.59
1337.46
518.74
570.52
527.68
590.45
759449
835.44
918.98
1013.88
1111.97
1223.16
.00

P.Ve. Costs

Yearly cash flouw

3856.28
-1122.51
=11456.53
-1164.52
-1183.58
-1203.70
-1224.36
=1247.23
=1272.12
-1296.05

97.22

131.58

172.8%3

222.13

28).85

352.55

433.24

53J.42

645.12

77991

.20

Yearly

P.V. change

Total cash flouw

3836.28
-243.33
-1389.86
-2554.38
-3737.96
-4941.66
-6165.52
=7413.55
-8683.67
-9977.72
-9380.49
-9743.91
=9576.07
-9353.94
-9073.09
-8722.54%
-8287.50
=7759.07
-7113.96
-6334.04
-6334.04

Total NPV

3615.38
1460.60
1321.55
1197.27
10385.91
986.18
3956.833
315.77
745.00
680.54
167.02
164.04
161.11
158.23
155.41
152.£43
143.91
147.23
144.60
142.92
.00

1-14

886.2%3
-1008.58
-914.01
-828.88
=752.19
-683.01
-620.5%
-5%64.09
-512.93
=466.65
31.30
37.83
44.36
50.91
57.47
64.04
70.64
77.25
83.89
90.55
.00

886.2%
-122.30
-1036.31
-1865.19
-2617.38
-3300.39
-3920.95
-4485.04
-4998.02
=5464.66
-5433.36
=5395.53
=-5351.17
-5300.25%
=5242.79
-5178.74
-5108.10
-5030.85
-4946.95
-4856.40
-4856.40



SWECS Installation Cost = $ 10000.0D
Years of SWECS lifa = 20.
Installation Date = 171982

Total amount of loan = $ 8000.00
Down payment on loan = § 2000.00
Loan Term = 10. years

Loan Interest Rate = <120

Calculated annual loan payment = § 1415.38

User’s Discount{(Opportunity Cost) Rate = .120
User‘s Tax Bracket = .350

First year tax liability (w/0 swecs) = § 7703.00
Enter residential use fractisn = 1.000

Utility Grid Cost for first year (S/kwh) = % .36D

Utility grid cost E£scalation Rate = «140
Utility buy back factor = « 500
---------- future costs/banefits-----—=-=cw-c-=--
Operating and Maintenance Costs for first Year = $

Operating and Maintenanca factor is constant.
Operating and Maintenanca Escalation rate =

Availability factor = «95

Total direct use factor = .500

Salvage value of SWECS = 3 .00
Economic utilization factor = ,750

Total first year tax benafitcs (includes stata2)= $

Annual energy yield= £400. kuwh

$ .074
$ .085

Annualized cost of SWECS energy
Annualizad cost of grid 2nargy

1-15
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Cash flow

Yaar Benefits
1982 4522.15
1983 506.27
1984 511.34
1985 517.56
1984 525.12
1787 534.283
1983 545.32
1987 553.59
1990 574 .47
1991 593.41
1992 615.97
1993 702.20
1994 800.51
1995 $12.58
1796 1040.34
1997 1135.93
1998 1252.02
1999 1541.30
2000 1757.038
2001 2003.07
2002 .00
Yearly present value
Year P.Ve Bensfits
1982 4502.15
1983 452.03
1984 407.54
1985 36E.39
198¢ 333.72
1987 303.16
1988 276.28
1989 252.68
1990 232.02
1991 213.99
1992 198.33
1993 201.37
1994 205.47
1995 20%.14
1996 212.38
1997 2156.58
1998 22ND.55
1999 224.48
2000 228.49
2001 222.57
2002 .00

Costs

3465.38
1470.88
1475.%8
1432.47
16489.08
1496.40
1504.45
1513. 31
1523.05
153%3.77
129.55%
142.55
156.92
172.61
187%.27
208.3¢
229.75
252.72
277.99
305.79

.00

Yearly cash flow

P.V. Costs

3465.88
1313.28
11746.96
1055.16
945.34
349.10
762.20
684.55
615.14
553.10
41.76
41.01
40.28
39.56
38.85
33.16
37.48
36.81
36.15
35.50
.00

1-16

1035.28
-96%.61
-965.93
‘96‘- 37
-963.?6
-962.,12
-95?01 3
-956.72
-948.59
-949.36
485,28
559.55
§43.59
73%.97
85047
¥77.12
1122.28
1288.58
1479.09
1697.28
«00

Yearly P.V. change

1036.28
-861.26
-769.32
-686.78
-612.62
-545.94
-485.93
-431.87
-333.12
-339.10
156.57
160.85
165.19
169.58
174.02
178.52
183.07
187.68
192.34%4
197.07
.00

Total cash flow

1036.28
71.67
-893.36
-1858.23
~2822.20
-3784.32
-4743.45
-5698%.17
-6646.75
-7587.11
-7100.83
-6541.28
-5897.69
-5157.72
-4307.25
-3330.13
-2207.85
-919.27
559.82
2257.10
2257.10

Total NPV

1036.28
175.02
-594.30
-1281.07
-1893.69
-2439.63
-2925.55
-3357.42
-3740.54
-4079.65
-3923.08
-3762.22
-3597.03
-3427.44
-3253.42
-3074.90
-2891.83
-2704.16
-2511.81
-2314.75
-2314.75



INCRZASE QuUTPUT TO 5603 KWH/YEAR

SWECS Installation Cost = $ 10000.00
Years of SWECS lifa = 20.
Installation Date = 171982

Total amount of loan = $ 8000.00
Doun payment on loan = $ 2700.00
Loan Term = 13. years

Loan Inteorast Rate = «120
falculated annual loan paynsent = § 1415.38

Yser’s Discount(Qdpportunity Los3t) Rate = ,120
User’s Tax Brackat = .350

First year tax liability (u/0 swecs) = $ 7303.00
Enter residential use fraction = 1.000

Utility Grid Cost for first year ($/kwh) = $ .04D

Utility grid cost €scalation Rate = «140
Utility buy back factor = « 500
--------- future costs/benafits =~ werccrccacas--

Operating and Maintenance Costs for first Year = §

Operating and Maintenance factor is constant.
Operating and Maintenance ZIscalation rate =

Availability factor = «995

Total direct use factor = .500

Salvage value of SWEZLS = L 3 .00
Economic utilization factor = .750

Total first year tax ba2nafits (includes state)= 3

Annual energy yia2ld= 5670. kuwh

$ .052
$ .085

Annualizad cost of SWELS energy
Annualized cost of ¢grid anergy

1-17
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Cash flow

Yaar Benefits
1982 4547.47
1983 557.93
1984 570.23
1985 534.569
1788 601.65
1987 £21.53%
1983 644.79
1989 671.98
1990 733.73
1991 740.78
1992 733.95
1793 893.71
1994 1018.83
1995 1161.456
1996 1324.07
1997 1509.44
19938 1720.75
1999 1961.66
2000 2236.29
2001 2549.37
2002 .00
Yearly present value
Year P.V. Boenoafits
1782 4547.47
1983 493.15
1984 $54.59
1985 416.17
1986 382.36
1987 352.67
1988 326.67
1989 303.97
1990 284,23
1991 267.13
1992 252.41
1992 256.92
1994 261.51
1995 266.18
1996 277.93
1797 275.77
1998 287.69
1999 285.71
2000 293.21
2001 296.00
2302 00

Costs

3515.88
1525.38
1535.88
1542%.98
1562.29
1576.93
1593.03
1510.75
1530.23
1551.67
259.37
285.31
313.34
345.22
379.75
417.72
459.49
505.44
555.98
611.58
«J0

Y2arly cash flow

P.V. Costs

3515.98
1362.39
1225.19
1102.53
792.86
394.79
307.08
723%.52
653.43
595.61
83.51
82.02
22.56
79.12
77.70
76.32
74.95
73.61
72.30
71.01
.00

1-18

1031.59
-967.95
-965.54
-964.28
-969.53
-955.40
-743.24
-933077
-92%.50
-913.939
524459
503.40
706.99
316.24
94%.32
1091.72
1261.24
14556.22
1682.31
1037.79
.20

Yearly P.V. change

1031.59
-854.24
-770.60
-626.35%
-610.52
-542.12
-430.41
=424.65
=374.29
-328.48
168.99
174.90
130.95
187.06
193.23
199.45
205.74
212.09
218.51
224.99
.00

Total cash flouw

1031.59
63.65
-903.00
-1267.28
-2827.91
-3783.31
=4731.56
-5670.32
-6596.82
-7507.71
-6983.13
-6374.72
-5669.73
~4353.49
=3909.17
=2817.45
=1556.19
-99.97
1580.34
3518.12
3518.12

Total NPV

1031.59
167.35
-603.25
-1289.461
-1900.11
-2442.23
-2922.64
-3347.29
=-3721.49
-4049.97
-3881.07
-3706.15%
-3525.21
-3338.15
-3144.92
-2739.73
=2527.63
-2309.13
-2084.13
-2084.13



DECREASE QUYPUT TO 3200 KWH/YEAR

SWECS Installation Cost = % 12000.00
Years of SWECS life = 20.
Installation Cate = 171982

Total amount of loan = § 8000.00

Down paymnent on loan = $ 23009%.30

Ltoan Term = 10« years

Loan Interest Rate = .129

Calculated annual loan paymnent = § 15415.838

User’s Discount(Opportunity Cost) Rate = .120
User’s Tax Bracket = .350

First year tax lisbility (w/o swecs) = $ 7207.00
Enter residential use fraction = 1.000

Utility Grid Cost for first year (S$/kwh) = $§ .069
Utility grid cost Escalation Rate = «140
Utility buy back factor = «500

---------- future costs/benefits—-=----—oso-ccomo-

Oparating and Maintenance Costs fcr first Year = §
Operating and Maintenance factor is constant,
Operating and Maintenanca Sscalation rate =

Availability factor = «95

Total direct use factor = .530

Salvage value of SHWELS = % «00
Economic utilization factor = ,.750

Total first year tax bensfits (includes state)= %

Annual energy yiald= 3200. kuwh

—_-------—---economic analysis---—-—-—---——--—

$ .187
$ .085

Annualized cost of SWECS energy
Annualized cost of grid anergyy

1-19
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Cash flow

Year Benefits

17282 4456.84
1783 454 .61
1984 452.45
1985 650.42
1785 443.58
1987 447.C3
1983 445,35
1989 445.20
1990 445.20
1991 4466.C5
1992 447 .93
1993 510.469
1994 532.19
1995 6563.67
1995 75651
1997 852.53
1993 923.2%
1999 1120.95
2300 1277.8%
2001 1456.78
2002 .00

Yearly present value

Year P.Ve Bonefits

1382
1983
1984
1985
19856
1987
1988
1989
199¢C
1991
1992
1793
1994
1995
1995
1997
1993
1999
2000
2001
2002

4455.84
405.9°0
360.59
320.60
285.08
253.56
225.39
201.39
17%2.31
160.85
146.24
146431
149.43
152.10
1564.82
157.5%
160.40
162.26
165.18
169.14

.00

Costs

3515.88
1525.38
1536.38
1548.98
1562.29
1575.93
1593.32
1510.75
1630.23
1651.57
259.37
28%.31
313.34
345.22
379.75
417.72
459.49
505.644
555.98
611.58
«0J0

P.V,

Costs

3515.88
1362.39
1225.19
1102.53
992.86
394.79
307.08
728.62
558.43
595.61
83.51
82.02
80.56
739.12
77.70
75.32
74.95
73.61
72.30
71.01
.00

742,96
-1071.27
-1084.42
-1093.56
-1113.70
-1129.90
=1147.17
=1165.55
-1185.03
-12C5.51

188.50

225.38

263.35

31847

375.87

4464.32

523.%0

515.51

721.90

345.20

.20

Yearly P.V. change

1-20

Yearly cash flouw

940.96
-956.49
-8564.50
-731.93
-707.78
~641.14
-531.19
=527.24
-478.62
-434.7%

60.73
64.79
58.88
72.99
77.11
81.27
85.44
89.65
93.88
98.13

.00

Total cash flow

940.96
-130.30
-1214.73
-2313.28
-3426.99
-4556.88
-5704.06
-6369.60
-8054.63
-9260.24
-9071.64
-8846.25
-8577.90
-8259.43
-7882.56
-7437.75
-6913.95
=6298.43
-5576.54
=4731.33
-64731.33

Total NPV

940.96
-15.53
-880.02
-1661.95
-2369.73
-3010.87
-3592.06
-4119.30
-4597.91
-5032.67
-4971.94
-46907.15
-4838.27
~4765.28
-4688.16
=4606.90
-4521.45
-4431.80
-4337.92
-4239.79
-4239.79



L4

RID COST INCREASED TO £,03/KWH

"""""""" initial variables===~=-=-cccon=-

SWECS Installation Cost = § 10000.030
Years of SWESDS life = 20.
Installation Data = 171782

Total amount of loan = $ 8300.00

Jown payment on loan = § 2000.00

Loan Term = 1%. yoars

Loan Intsrest Rate = «120

Calculated annual loan paynent = & 1415.838

User’s Discount(Opportunity Cost) Rate = .120
User’s Tax Bracket = ,350

First year tax liability (w/o swecs) = $ 7003.00
Enter residential us2 fraction = 1.000

Utility Grid Cost for first year (3/kwh) = §$ .N8)

Utility grid cost £scalation Rats = « 140
Utility buy back factor = « 500
bttt future costs/benafits=~==-===- sewemoss-

Dperating and “aintenance Costs for first Year = $
Operating and "aintenance factor is constant.
Dperating and Maintenance tscalation rate =

Availability factor = «95
Total direct use factor = .530
Salvage valua of SWECS = b3 «00

Economic utilizatioan factor = ,750
Total first year tax banefits (includes state)= 3

Annual energy yield= 6400, kuh

————————————— OCOT\O’“iC analysis---—---—-—--—-n—

Annualized cost of SWELS energy = § .059
Annualized cost of grid enargy = % .114

1-21
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Cash flow

Year Benefits

1982
1983
1984
1985
1786
1287
1988
1987
1999
1991
1992
1993
1994
1995
1996
1997
1993
1997
2000
2001
2002

Yearly present valuye

Year P.V. Banafits

1982
1983
1784
1985
1786
1987
1982
1289
1990
1991
1992
1993
1994
1795
1796
1997
1993
1999
2300
2301
2002

4557.54
569.41
583.32
599.61
€18.66
640.92
656.89
697.17
732.45
773.52
821.29
936.27

1067.34

1216.77

1337.12

1581.31

1802.67

2035.07

2342.78

2670.76

.00

4557.54
503.40
$65.02
426.79
393.17
363457
337.27
315.37
295.23
273.94
264443
269.16
273.56
278.85
283.33
283.90
294.06
299.31
364.56
312.10

.00

Costs

3515.88
1525. 88
1536.38
1543.98
1562429
1576.93
1593.03
1610.75
1630.23
1651.67
257.37

285.31

313.34

345,22

379.75

417.72

459449

505.44

555.98

611.58

.20

PeVe Costs

2515.88
1362.39
1225.19
1102.53
792.36
394.79
207.08
723.62
55R.43
595.61
83.51
82.02
80.56
79.12
77.70
75.32
74.95
73.61
72.30
71.01
.00

1241.566
-95%.47
-953.55
-949.37
-943.52
-7356.71
-925.14
-913.57
-397.78
-373.15
561.72
457.96
753450
871.55
1007.37
1163.59
1343%.20
1547.53
1785.77
2059.18
.Oo

Yearly P.V., change

1-22

Y2arly cash flow

1041.656
-853.99
=75C.17
=675.74
-599.69
-521.12
=459.21
-413.25
-342.60
-316.67
130.92
137.14
193.41
199.74
206.13
212.59
219.11
225.790
232.36
239.09
.00

Total cash flouw

1041.66
85.20
-86%.36
-1817.72
-2761.35
=3697.36
-4623.50
-5537.07
-6434.84
-7312.99
-6751.97
-6100.11
-5346.60
-4475.05
=3467.68
-2304.09
-960.38
583.75
2375.54
44634.72
4434.72

Total NPV

1041.66
187.67
=572.49
=1248.23
-1847.93
-2379.04
-2848.26
-3261.51
=3624.11
-3940.78
-3759.85%
-3572.72
-3379.31
-3179.58
=2973.45
-2760.86
-2541.76
-2316.06
-2083.70
-1844.62
-1844.62



' DECREASE GRID COST TO $.J4/KWH

SWECS Installation Cost = § 10000.090

Years of SWECS 1life = 20.
Installation Date = 1/1982

Total amount of loan = % 8002.00
Down payment on loan = $ 2000.20
Loan Term = 10« years
Loan Interest Rate = <1235

Calculated annual loan payneat = ¢ 1415.38

User®s Discount{(Opportunity Lost) Rate = .120
User’s Tax Brackat = .350

First year tax liability (w/o swecs) = § 7003.00
Enter residential use fraction = 1.000

Utility Grid Cost for first year ($/kwh) = $ .D40

Utility grid cost Escalation Rate = « 149
Utility buy back factor = « 500
mmesseo--- future costs/banefits-=—---c~sc=-- -

Operating and Maintenance Costs for first Year = §
Operating and Maintenancae factor is constant,
Operating and Maintenanca2 Escalation rate =

Availability factor = « 95

Total direct use factor = .520

Salvage value of SWELS = $ =30
Economic utilization factor = .750

Total first year tax benafits (includes state)=§

Annual energy yield= 4400, kuwh

---------- d-—econonic analysis—--------—-—---—

Annualized cost of SHELS energy
Annualized cost of grid anergy

" on
L]
.
b
2
W

100.00
.10

4000.00



Cash flow

Year Benefits

1982 4446.77
1983 443.13
1784 439.3%
1985 435,59
1986 431.53
1987 427.64
1983 423.75
1989 420.00
1790 416.43
1991 413.21
1992 410.464
1993 468.13
1994 533.67
1993 608.39
1996 633.55%
1997 730.66
1998 921.35
1999 1027.54
2000 1171.39
2301 1335.38
2302 -39

Yearly present value

Yaar P.V. Banefits

1982
1983
1984
1985
1986
1987
1988
1589
1990
1991
1992
1993
1994
1995
1995
1997
1593
1999
2000
2301
2002

6445.77
395.65
353.26
309.98
2746.27
242,65
214.69
189.99
168.21
16472.04
132.22
134.58
136.98
139.43
141.92
144445
147.03
149.56
152.33
155.05

.00

Costs

3515.48
1525.28
1535.38
143,98
1562.29
1576.93
1593.03
1310.75
1633.23
1651.57
259.37
285.31
313%.34
345.22
379.75
617.72
45%.49
305.44
555.78
611.58
10

PeVe Costs

3515.88
1362.39
1225.19
1102.53
992.86
394.79
307.08
728.62
658.43
595.61
83.51
82.02
80.56
79.12
77.70
76.32
74.95
73.61
72.30
71.01
«00

93).89
-1082.75
=1097.51
-1113.48
=1130.71
-1149.29
-1169.28
-1193.75
-1213.76
-1238.36

151.27

182.83

219.83

263.16

313.81

372.9%4

441,86

522.10

615.41

723.80

.00

Yearly P.V. change

1-24

Yaarly cash flow

930.89
-956.74
-874.93
-792.55
-718.59
-652.14
-592.39
~538.63
-490.22
-446.57

48.71
52.56
56.43
60.31
64.21
68.13
72.08
76.04
80.03
84.04

.00

Total cash flow

930.89
-151.85
=1249.36
-2362.84
=3493.55
-4642.83
-5812.11
-7002.85
-8216.60
-9454.96
-9303.69
~9120.86
-8901.02
-8637.86
-8324.04
-7951.11
=-7509.25
-6987.15
-6371.74
-5647.94
-55647.94

Total NPV

930.89
-35.84
-910.77
-1703.32
-2421.91
-3074.05
-3666.44
-4205.07
-4695.29
-5141.85
-5093.15
-5040.59
-4984.16
-4923.85
-4859%9.63
-4791.50
-6719.42
-4643.38
-4563.34
-6479.31
=-4479.31



INCREASE OISCOUNT QATE TO .14

SWECS Installation Cost = % 10000.00
Years of SHECS lif2 = 20.
installation Date = 171982

Total amount of loan = % 8000.00

Dousn payment on loan = ¢ 2000.00

Loan Term = 1. years

Loan Interest Rate = «120

Calculated annual loan paymnent = $ 1415.88

User’s Discount{(Opportunity Lost) Rate = .140
User’s Tax Bracket = .350

First year tax liahility Cw/o swecs) = § 7000.00
Enter residential use fraction = 1.000

Utility Srid Cost for first yaar ($/kwh) = $ .0360
Ytility grid cost Escalation Rate = « 140
Utility buy back factor = « 500
emeeeee—- future costs/hanefits----veccercc-- -

Operating and Maintenance Costs for first Year = $
Operating and Maintenance factor is constant.
Operating and Maintenance Escalation rate =

Availability factor = «95
Total direct use factor = .S00
Salvage value of SWECS = $ «00

Economic utilization factor = .750
Total first year tax benafits {includes stata)= $

Annual energy yield= 4420. kwh

------- =-=--gcononic analysis-=---s-evccccoe--

$ .11
$ .050

Annualized cost of SWELS energy
Annualized cost of grid energy

1-25

1092.00
.10

4000.00



Cash flouw

Crsts

3515.38
1525.38
15354.28
1542,98
1562,29
1576.93
1593.03
1512.75
1533.23
1651.57
259.37
285.31
313.34
345.22
377.75
417.72
459,49
505.44
555498
611.58
N0

Year Banefits
1982 4522.15
1983 506.27
1984 511.34
1985 517.5%
19845 525.12
1787 534.23
1988 545.32
19897 553.59
1990 S574.47
1991 533.41
1992 615.97
1993 702.20
1994 320.51
1995 912.53
1995 1040.34
1997 1135.98
1793 1352.02
1999 1541.39
22092 1757.08
2001 2003.07
2002 .00
Yearly present value
Year Po¥. Banafits
1982 $4502.15
1783 464.10
1984 393.46
1985 349.34
198s 310.21
1987 277.49
19838 243.44
17289 223%.23
1990 201.39
1991 182.48
1992 165.15
1793 165.15
1994 166.15
1995 165.15
1796 165.15
1997 1656.15
1998 166.15
1999 166.15
2000 166.15
2301 165.15
2002 - 020

PaV.

Costs

3515.38
1333.49
1122.58
1045.52
925.00
819.01
?725.77
§43.72
571.50
507.91
69.96
67.51
65.14
62.36
60.65
52.52
58447
54449
52.58
50.73
.00

785.28
-1019.51
=1725.53
=1031.42
-1237.17
-1042.55
-1247.71
-1352.16
=1355.77
-1052.25

355459

4156.3%9

486.57

567.36

562.59

763.27

392.53

1035.36
1201.10
1391.49

.00

Yearly

1-26

Y2arly cash flow

P.V. change

926.28
-894.39
'739-12
-696.13
-614.09
-541.52
=477.32
-420.43
-370.11
-325.42

96.19
98.64

101.01

103.30

105.50

107.63

109.69

111.67

113.58

115.42

.00

Total cash flow

986.28
-33.33
-1058.36
-2099.28
=3127.45
-4173.10
=5217.%1
-6269.96
=7325.73
-8383.98
-8027.38
-7610.49
-7123.82
-6556.46
-5895.837
-5127.60
=4235.07
-3199%.21
-199%.11
-506.52
-605.52

Total NPV

986.23
91.83
-697.23
-1393.41
=2007.50
-2549.02
-3026.35
-3446.83
-3816.94
-6142.36
-4046.17
=3947.53
-3846.51
=3743.22
-3637.71
-3530.08
-3420.39
-3308.72
-3195.14
-3079.72
-3079.72



DECREASE DISCOUNT RATE 7O .10

--------------- initial variables=-=~==~<c=-e-=-

SWECS Installation Cost = § 10000.00
Years of SWECS life = 20.
Installation Date = 1/1782

Total amount of loan = § 8003.00
Doun payment on loan = $ 2009.00
Loan Term = 10. yoars

Loan Interest Rate = «120

Lalculated annual loan payment = § 1415.38

User’s Discount(dppcrtunity Cost) Pate = ,10D
User’s Tax 8rackst = ,350

First year tax liability (w/o0o swecs) = § 7900.10
Enter residential use fraction = 1.030

Utility Grid Cost for first yeoar (3/kwn) = $ .0630

Utility grid cost Escalation Rate = <140
Utility buy back factor = «50)
---------- future costs/benefits~-c---c-ccccn=cn-

Operating and Maintenanca2 Costs for first Year = §
Operating and Maintenanc2 factor is constant.
Operdting and Maintenance £scalation rats =

Availability factor = «95

Total direct use factor = .5C0

Salvage value of SWELS = $ .00
Economic utilization factor = .750

Total first year tax benafits (includes state)= §

Annual enargy yizld= %430. kwh

$ 030
$ .123

Annualized cost of SWELS energy
Annualized cost of grid anargy

Hou

1-27

100.00
<10

4000.00



Cash flow

Year Benefits

1982 $5302.15
1983 536.27
1984 511.34
1985 517 .56
1986 525.12
1987 $34.28
1983 545.32
1989 552.59
1990 576,47
1991 592.41
1992 615.727
1993 702.20
1994 220.51
1995 912.5%
1995 1040.34
1997 1185.93
1993 1352.02
1999 1541.30
2009 1757.03
2001 2C23.07
2002 .00

Yearly present value

Yaar P.V¥. Benafits

1982
1983
1984
1785
1785
1987
1988
1989
1999
1991
1992
1993
1994
1995
1996
1997
1993
1999
2000
2301
2002

4502.15
463.24
422.60
388.35
353.6¢
331.75
307.82
286455
267.99
251.67
237.48
245412
255.907
2646.34
273.76
283.92
294 .24
3C4.94
316.33
327.52

<20

Costs

3515.82
1525.38
1536.38
15423.9¢8
13562.29
1576.93
1593.03
16102.75
15630.23
1451.47
259.37
285.31
313.34
345.22
179.75
$17.72
459.49
505.44
355.98
511.58
.00

PeVe Losts

3515.38
1387.16
12735.15%
1163.77
1267.07
97%9.15
393,272
826457
?760.52
700.47
100.00
100.900
102.00
100.70
102.90
100.920
103.30
102.20
102.00
100.00
.00

986.28
-1019.61
-1625.53
-1031.42
-1037.17
=1042.55
-1%47.71
-1052.1%
=1055.77
-1058.25

356.59

4156.89

485.67

567.36

$60.59

763.27

392.53

1735.36
1201.10
1391.49

.00

Yearly

1-28

Yearly cash flouw

P.V. change

936.23
-926.92
-847.55
=774.92
-708.49
-647.41
=51.41
-539.93
-492.53
-448.81

137.48

146.12

155.07

164.34

173.96

133.92

194.24

204.94

216.03

227.52

.00

Total cash flow

986.28
-33.33
-1058.86
-2090.28
-3127.45
-4170.10
-5217.8%1
-6269.96
-7325.73
-8383.98
-8027.38
=7612.49
-7123.382
=6556.46
-5895.37
=5127.60
=4235.07
-3199.21
-1993.11
-606.62
-606.62

Total NPV

986.23
59.36
-738.19
-1563.11
-2271.51
-2918.92
-3510.33
~4050.25
=4542.78
-4991.58
-4854.10
-4707.93
-4552.91
-4388.5%6
-4214.60
-4030.68
-3836.44
-3631.50
-3415.46
-3187.94
-3187.94



REDUCE Tax CREDIT TO $)

SWECS Installatinon Cost = % 10070.00
Years of SAELS lif2 = 20.
Installation Data = 171782

Total amount of loan = ¢ 8003.00
Down payment on lcan = $ 2002.100
Loan Term = 10. y2ars

Loan Intarast Rate = «1210

Calculated annual loan paymnent = §$ 1415.38

User’s Discount(Oppcrtunity Cost) Rate = .120
Usaer’s Tax Bracket = .350

First year tax liahility (w/o swacs) = § «00
Enter residential us2? fraction = 1.000

Utility Grid Cost for first year (3/kwh) = ¢ ,060

Utility grid cost Escaiation Rate = <140
Utility buy back factor = « 500
---------- future costs/banefits~~=-=-—-=ccscoc=--

Operating and Maintenance losts for first Year = §
Oparating and "Maintenance factor is constant,
Operating and Maintenanca Escalation rate =

Availability factor = «95

Total direct use factor = .530

Salvags value of SWELS = $ .30
Economic utilization factor = 7S50

Total first year tax benafits (includes state)= $

Annual energy yia2ld= 4400. kwh

$ 229
$ .085

Annualized cost of SWECS energy
Annualized cost of grid 2nergy

1-29

100.00

.10

.00



Cash flouw

Casts

3515.38
1525.38
1535.38
1543.98
1562.29
157%.93
1593.33
1512.75
1530.23
1651.57
259.37
235.M
313.84
345.22
379.75
417.72
457.49
505.44
555.98
511.58
.00

Y2arly cash flow

-2013.72
-1213.51
=1323.53
=1021.42
=1337.17
=1242.55
-1%47.71
=1352.16
-10855.77
-105%.25
355.59
416.39
486.57
567.36
562459
762.27
292.53
1335.86
1201.10
1391.49
«10

Yoar 3enefits
1782 502.15
1983 506.27
1984 511.34
1985 517.56
17285% 525.12
1987 574.23%
1788 545.32
1789 $58.59
199¢C 574447
1791 593.41
1992 615.97
1993 702.290
1794 300.51
1995 912.53
1995 104C.34%
1797 1135.92
1998 1352.02
1799 1541.30
2303 1757.08
29001 200.07
2702 .09
Yearly present value
Y2ar PeVe B2nefits
1782 502.15
1983 452.03
1984 407.54
1785 363.39
1985 323,72
1987 3I0%.16
1785 2768.28
198% 252,68
1990 232.02
1791 213.739
1992 193.33
1993 201.37
1994 205.47
1995 209.14
1996 212.33
1997 215.58
1998 220.55
1999 224.48
2000 228.49
27301 232.57
2002 «J0

P.Ve. Costs

3515.38
1362.39
1225.19
1102.53
992.86
394.79
07.08
723.52
$55.43
595.61
83.51
82.02
80.56
79.12
77.70
75.32
74.95
73.61
72.30
71.01
.00

1-30

Yearly P.V.

-3013.72
-910.35%
~-817.55
=734.15
-659.14
-591.63
=530.88
-475.94
-426.41
-331.62

114.81
119.85
124.92
130.02
135.17
140.35
145.59
150.87
156.19
161.54%

.09

change

Tota

1 cash flouw

-301%.72
=4933.33
-5058.86
-€097.28
=7127.44
-3173.79
-9217.79
1026%.95
11325.71
12383.97
12027.37
11610.48
11123.30
10556.45
-9895.36
=9127.59
-8235.06
=7197.20
-5993%.09
-45606.60
=4606.60

Total NPV

-1013.72
=3924.08
-47461.63
=5475.73
-6134.91
~6726.54
=7257.3%
=7733.28
-8159.69
-3541.31
-3426.49
-8306.64
-8131.72
-3051.70
-7916.52
-7776.16
-7630.57
=7479.70
-7323.50
-71561.93
-7161.93



BEST CASE SCENARIO FOR ALL KEY VARIASLES

SWECS Installation Cost = 3 8000.09
Years of SWELS life = 25.
Installation Date = 171982

Total amount of loan 3 £400.00

Down payment on loan $ 1500.920

Loan Term = 10. years

Loan Intarest Rate = «120

CLalculated annual Yoan paywnent = § 1132.70

inou

User”s Discount{(0paortunity Lost) Rate = .100
User’s Tax Brackat = L350

First year tax liability (w/o swecs) = $ .00
cnter residential use fractiosn = 1.000

Utility Grid Cost for first year ($/kwh) = ¢ 380

Utility grid cost E€scalation Rate = «140
Utility buy hack factor = « 500
e mmemaeeefyture costs/banefits~ermemrcccccecca=

Operating and Maintenanc: Losts for first Year = §
ODperating and Maintenanc2 factor is constant.
Oparating and Maintenance Escalation rate =

Availability factor = 95
Total direct use factor = .590
Salvaga valu= of SWECLS = 3 .00

Economic utilization factor = ,750
Total first year tax benefits (includes stata)= §

Annual energy yield= 56)0. kuwh

------------- econo“ic ?nalysiso------—-—---—-—

$-.041
$ 195

Annualized cost of SWELS energy
Annualized cost of grid 2nergy

" ou

1-31

50.00
10

.00



Cash flow

Year Benefits

1982 550.7%
1783 574.92
1784% 602.75
1985 634.85
1735 671.81
1987 714.33
1983 763.37
1989 819.79%
1990 834.71
1991 959.32
1392 1045.283
1793 1191.61
1994 1358.44
1795 1548.62
1995 1765.42
1397 2012.52
1993 2294 .34
1999 2615.54%
2300 2931.72
2301 3339.15
2302 3875.03
2003 4417.53
2004 5035.97
2005 5741.09
2006 5544 .74
2207 .00
Yearly present value
Yaar PeVe Benafits
1982 55%.76
1983 522.65
1984 49%.15
1385 475.97
1986 453.3%
1987 44%.57
1983 430.91
1989 420.%59
1992 412.72
1991 406.82
1992 403.00
1993 417.66
1994 432.34
1995 448,58
1996 464.9%0
1997 481.30
1998 $499.3%2
1999 517.48
2000 535.30
2001 555.30
2202 575.01
2003 5956.95
2004 518.56
2005 541.16
2006 666.47
2007 «20

Costs

2782,70
1187.70
1193.20
1199.25
1205.91
1213.23
1221.28
123C.14
1239.38
1252.50
127.59
142.65
155.92
172.61
189,37
208.8%
2272.75
252472
277.99
305.77
336,37
379.901
4037.M
447.71
492.43
.00

-2231.94
-512.78
=59J.44
-564.40
~534.10
-493.35
-457.89
-413.34
=355.17
-291.21

915.59
1343.96
1201.52
1376.701
1575.55
1303.72
2064.59
2362.92
2703.72
3093.36
3538.56
4047.52
4623.37
5293.30
6152.26

.00

Yaarly cash flow

Total cash %lob .

-2231.94
-2844.73
-3435.17
=3999.57
-4533.66
-5032.51
-5490.40
-5900.74
-6255.91
-6547.13
-5631.53
=4582.57
-3381.05
-2005.05

-429.50

1374.22

3438.82

5801.64

8505.36
11598.72
15137.38
19184.90
23813.86
29107.16
35159.42
35159.42

PeVa Costs

2782.70
1079.73
985.12
901.02
8323.65
753.32
689.38
631.26
578.42
530.38
50.00
50.00
52.00
50.00
59.00
S0.00
50.20
53%.00
50.00
50.00
$9%.00
50.00
50.00
59.20
50.20
.00

Yearly P.V. change

1-32

~-22%31.94
-557.0%
~487.97
-424.05
-364.80
=-339.75
-258.47
=210.57
-165069
=123.52
353.09
367.656
382.84
X98.58
414.99
431.80
449.32
467.4%
436.30
505.89
526.01
546.95
568.6%
591.16
614.47
.00

Total NPV

~2231.94
-2739.02
=-3276.99
~3701.03
-4065.83
~6375.57
-4634.04
-4844.61
=-5010.31
-5133.81
~4780.81
~44613.15
~-4030.30
-3631.72
-3216.82
-2785.02
-2335.70
-1868.22
~-1381.92
-876-12
-350.11
196.84%
765.50
1356.656
1971.13
1971.13



WORST CASE SCENARIO FNR KEY VARIABLES

SWECS Installation Cost = % 12000.00
Years of SWECS life = 15.
Installation Date = 1717982

Total amount of loan 3 $500.00

Dosn payment on lcan % 2403.°00

Loan Tarm = « yoars

Loan Interast Rate = «120

Calculatad annual loan payment = § 1599.235

- i} N

a }
-

User’s Discount(Opportunity Cost) Rate = .140
Usar®s Tax Brackat = .350

First year tax liability (w/o swecs) = 3 .00
Znter rasidential usa2 fraction = 1.000

Utility Grid Cost for first year (3/kwh) = $ .J40

Utility grid cost tSscalation Rate = « 1490
Utility buy bhack factor = «500
---------- future costs/benafits-~=-=-v-s-s<soo==

Operating and Maintenance Costs for first Year = §
Oparating and Maintenanc? factor is constant,
Jdperating and Maintenanc2 Escalation rate =

Availability factor = « 95

Total direct use factor = .530

Salvage value of SHECS = $ .00
Economic utilization €factor = ,750

Total first year tax benefits {includes state)= 3%

Annual energy yield= 3200. kwh

Annualized cost of SWECS energy =
Annualized cost of grid anargy = $ .040

2002.00
.10

.00



Cash flouw

Yaar Senefits
1982 433.756
1933 472.05%
1984 439.19
1985 445,02
1985 429,45
1787 412.325
17283 393,57
1989 372.%7
1990 I50.4)
1991 T25.69
1992 298.65
1293 24C.46
1294 238.13
17265 6542.45%
1996 504.41
1997 .00
Yearly present value
Year P.Ve Bo2nafits
1782 +33.756
1783 614.929
1284 353.3%3
1985 300.35
1785 254,27
1287 214,16
1783 179.31
1989 147.06
1292 122.34
1991 103.15
1792 83.56
1993 B2.56
1794 8l.54
1795 87.356
1995 80.55%
1997 -0

Costs

46299,05
1219%.55
1941.95
176%.25
1991.%7
2321.15
2053.3¢
2988.79
2127.77
2170.%54
513.74
5704562
527.58
590.45
759.49
.20

PeVe Costs

4299.05
1583.38
1493.58
1326.49
1179.35
1349.73
735.49
334.77
745.91
567449
129.93
135.02
133.28
123.71
121.30
.00

-3315.29
=1445.79
-1431.37
-1523.22
=1562.42
-1503.31
-15592.79
=1715.22
-1777.3%6
-1244.95
=-223.99
-23%.16
=23%.55
-247.78
=-255.938
.00

Y2arly cash flouw

Yotal cash flow

-3315.29
-5262.28
~6744.14
-8264.37
-9%825.79
-11435.59
-13095.38
-14811.20
-16588%.56
-18433.51
-18653.460
-188383.75
-19123.30
-19371.29
-19625.37
-19625.37

Yearly P.V.

1-34

-3815.29
=1269.29
=1140.25
-1026.11
—925.03
-835.57
-756.18
-68%5.71
-621.03
-5487.34
-59.37
=34.45
-49.72
-45.15
=40.74
.00

change

Total NPV

-3815.29
-5084.53
-6224.82
-7250.94
-8176.02
~-9011.58
=9767.75
=10453.47
-11076.54
-11643.88
=11703.25
-11757. 7
-11807.43
-11852.57
-11893.31
-112893.31



APPENDIX 2
LIFECC Program Listing
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COST JF ENERGY PROGRAM

*
*
* MAIN
*
%

JUNE 21, 1982
*

Ahhthhhkhhhiohhhhhrxhhhhbhhhhhkhdidh
includ2 "input_variablas"

13 continue
call geatinnut

14 write(10,3904)

3904 format(//,°do you wish to check input variables (y/n) ?°,2)
iunit=10
jvar=0
if{yn(idum)a.eqg.1) call out(iunits,jvar)
write(10,2306)

39046 format(//,"cde you wish to change the input variables (y/n) ?°,2)
if{yn(idum).ne.1) go to 19

NO000O0O00 O

*
*
*
*
| 4
*
*

c
15 continue
call chginput
go to 14
19 call lozanpay
c
c calculate first year tax benefits for residential user
¢
if(costin « frac .gte 10000.) 50 to 20
rtaxbone = D.4 * costin ~ frac
go to 109
20 rtaxbene = 4000
c
c
c caiculate first year tax benefits for comwmercial suwecs
c
100 ctaxbene = (.25 ~ costin * (1. - frac)
c
c calculate deprsciation of swecs
c
calil deprec
c
< add in state tax credit benefits
c
110 ftaxbene = ctaxban2 + rtaxhene
if(ftaxbzn22.g92.taxliab) ftaxhbene = taxliab
ttaxbene = ftaxbene ¥+ staxbhene
c
aduf = duf
if{dufenes=1) go to 247
aduf = 0.
do 921 i=1,ilife + 1
if{i.na.1) go to 220
aduf = aduf + Jufy(1)*(12-innon+1)/12.0/1ife
30 to 301
200 Lf{i.eq.1ilif2+1) 39 to 210
aduf = aguf + dufy(id)/1life
go to 901 '
210 continue
sduf = aduf + dufy(i)*x{inmon-1)/12.0/1ife
921 continue
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250

[}

270

280
932

5035

910
3902

continuse
incrament life for un2ven year

iliefe = ilife + 1
omfy = 1,0
do 972 i=1,ilife
if(onflasanqg.1) omfy = future(i)
if{i.n2.1) go to 270
amcosty(i) = onfy*omcostr(1.-(inmon=1)712.0«(1.¢tomrate)ax(i-1)
go to 202
ifli.eqg.ilif2) go to 230
oamzosty(i) = omfykomcoste(1,¢tomrate) ®#x(i-1)
3o to 902
omzosty(i) = onfykomcost*((inmon=1)/12.)*(1.*onrate)**x(i-1)
continue
sunpv = 0.0
do 933 i=1,1ilife
tcosty(i) = omcosty(i) + rcosty(i) + lcosty(i)
if(i.29.1) tcosty(i) = tcosty(i) + downpay
pvey(i) = tcosty(i)/(l.+dratad)xx(i=-1)
sumnpv = sumpv * pvey{i)
do %24 1i=1,iiife
gcosty{i) = gridcost«(l.*tecrate)«x(i-1)
writa{12,65¢) (inyr+ti-1, gcosty(id,i=1,ilife)
format(" Grid cost™/102{1xs14,3x,€10.27))

get 2nargy bonefits
call ecosthen

sunby = 3,7

suncoe = 0.0

do 73S i=1,ilife

spvby{(i) = schenay(i)/{(1.tdrate)*«(i-1))
coasum{i) = coeben{i)/((1. + drate)xx(i-1))
suancle = sumco2 + coesum(i)

sumby = suwhy * spvby(i)

apvy = s3unby - suwpyvy

dwn = sumpv = sumby

sir = npv/(costin=(salvage/((1.0%+dratelxxlife)))

acge = gridcost * {(1.teeorate)/(1.*drate))rrlife

acse = (pwn*(drate«((1. + drata)rxlife)))/
(reliah*sagkuhe(((1.¢+drated)**x1ifa)=-1))

auf = aduf 4+ (1.-aduf)rubbf

ilifa = ilife - 1

CHECK TO SEE IF WANT TO SEE RESULTS ON SCREEN

ARITZ(10,37902)

FORMAT(//,1%X,°do you wish to s2e the results on tha screen (y/n) 2°,2)

if{yn(idum).ne.1)gs to 910
iunit=10
jvar=1
call outliunit, jvar)

writa(10,3902)

format(/,1x,°do you wish to send the results to output (y/n) ?°,2)

iunit=12
2-4



Jvar=1
iflynCidum).eq.1) call out(iunit,jvar)
write(10,3000)

3000 format(°do you want to rerun analysis (y/n) 77,2)
ifCyn(idum).ne.1) stop
go to 15
and



subroutine gatinput
routine to geat the initial variables

inzlude "input_variablss"
integer dtyp

Enter all variables for input

do 902 i=1,100
rcosty (i) D.D
future(i) = 0.0
dufy{(i) = 2.9

schbeney(i) =
spvby(i) = 0.
tcosty (i) 0
omcosty(i) =
pvey{(i) = 2.0
qcosty{i) =0

902 continue

«0

i

0
0
.0
0.0

.0

10 writa(10,1002)
1002 format("Titls OF analysis (60) = ",2)
read(11,10201)ititla(1)
1001 format(S40)
12 accept "SWECS Installation Cost = $",costin
if(costin.gt.0) g0 to 14
type "™ Cost nmust ba >0."
go to 12
14 accept “"Years of SWECS life = ",life
if(life.le.100.and.life.3t.0) go to 15

type " life of SWELS can be no more than 100, re-enter "
go to 14
15 accept "Enter residential use fraction (0 TO 1.00)= ",frac

if{frac.ge.0 .2nd. frac.le.1.0) go to 18
type " Fraction wust be betwesen 2 and 1."
90 to 15
13 accept "Installation Cat2 (MM,YYYY) = ",innon,inyr
if{inmon.ge.1. .and. inmon.le.12) go to 182
type " Invalid months, re-enter "

go to 18

182 iflinyr.ge.1975. .and. inyr.le.2003.) go to 20
type ” Invalid year, ra—enter "
go to 18

20 accept "Losn Anount = $",loan

if{loan.3e.0 .and. loan.le.costin) go to 19
type "Invalid loan amount.”

go to 20
19 downpay = costin - loan
if{downpay.lt.Q) type “"Downpayment error"
22 accept "Loan Tera (ya2ars)= “,loant

if(loant.gt.life) go to 2223
if(loant.gt.0) go to 24
type " Loan term must be longer than 0 years™

go to 22
2223 type "UNLIKELYeeoeTHIS IS LONGER THAN SWECS LIFE™
go to 22
24 accept "Loan Interest Rate = ",loanr
26 accept "User®s Discount(Opportunity Cost) Rate = ",drate
28 accept "Utility Ruy Back Factor = ",ubbf
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.30.

OO0

00000

32
34
3%
37
40
2000

42
4202
43

accept "Availability Factor = ",reliab
accept "First year utility Grid Cost ($/kwh) = $",gridcost
accept "Utility Grid cost Escalation Rate = “,esrate

accept "Yser’s Tax Bracket = ",taxbrac

accept "Efstimated first year tax liability (w/o swecs) = $",taxliab

write(10,2000)
format(”Is Oirect Use Factor constant (y/n) = ",2)
duf = =1 ;Set duf to -1 for not used
ilife = life
iflyn(idum)ene.1) go to 42
accept "Direct Use Factor = ",duf
go to 50

do 43 § = 1,ilife + 1

urite(10,4202?2) jt+inyr-1
format("Direct Use Factor for Year ",ié,"=",2)
accapt dufy(J)

continue

End of input of initial variables

khkkhhkhhkhkhhhhhhhhkhhhhhhkhkhhhhrhbhhbhkhhhhhdhbbhdhkdbhhbhbhhhhhhbhohhhbhbinh

60

62
64
6401

6402
65
66

6603

6602
69

63
67
966

Start of input of futuras costs

accept "Jparating and Maintenance fosts for 1 Year =",omcost
if{omcost.3e.0) g0 to 62
type "“0&M costs must not be negative.”
go to 50
accept "Operating and Maintenance Escalation rate =",omrate
writa(10,6401)
format("Do you wish to enter O03%M costs by year (y/n) ?%,2)
omflag = 0
if{yn(idum).2q.1) omflag = 1
if{omflag.ne.1) go to 86
iyear = life
do 65 iu=1,iyear#1
write(10,6402) iutinyr-1
format("C&M factor for year ",I14," = ",2)
accept futuradiu)
continue

iyear = life
rpflag = 0
write(16,650%)

format{("Do you have renlacement costs to enter (y/n) ?2",2)
if{yn(idum).ne.1) go to 965
rpflag = 1
accept "Replacamant Sscalation rate = “,rerate
do 67 iu=1,1ifa
arite(10,6602) iu
format(“cstimated Replacement Costs for year ",12," = $",2)
accept rcosty(iu)
if(rcosty(iu).ge.0) go to 68
type "Replacement costs cannot he negative,”
go to A9
rcosty{iu) = rcosty(iu) * (1.0+r2ratedxx(ju-1)
continue
continue

done with inputs for future costs
Start of inputs for future Banefits
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72
[£:)

7602

[g:!

81
1003

82
84

1006
901
86

1009

NN -

[V ]

accept ‘Enter state tax henefits: “,staxbene
continue
if(frac.eq.1.0) go tn 80
writ20(10,7402)
format{("Depreciation Method:",/,
1x+,"1) Straight Line Depreciation ",/,
1x,"2) Daclining Balance Depreciation ",/,
1x,"3) Sum of the Years Digits Depreciation ")
accept " Depreciation Number = “,depmet
if(depmet.lt.1.0or.doepmat.gt.3) go to 75
if(dapmetene.2) go to 738
3ccept "Enter Declining Balanc2 rate = ",dbrate
accept "Depreciation lifa (in years) = ",dlife
accept "Salvage Valu2 of SWECS = ",salvage
if{salvage.g2.9 .and. salvage.le.costin) go to 81
type "Illegal salvag? value"
g0 ta %0
writa(10,1003)
format("Energy production method:™/
1x+,"1) Enter annual energy produced".,/
1x,"2) Enter energy produced by month™.,/
1x+"3) Use SWECS power curve for annual average")
accept " Enter energy production mathod :",enet
ifl{emet.le.0 .or. amet .3t.3) 3o to 31
go to (B2,34,85),emet
accept "Enter annual SWECS energy nroduction (kwh) :",sagkwh
go to 500
continue
go 901 i=1.12
write(10,1209%) i
format{("Snter enargy produced in month ",i2," = ",2)
accept emon(i)
continue
go to 500
continue
open 7, "pcurvea”
do 1 i=1,NWINDS
read{(7,13035) vtab(id,ptab(i)
format{(2f10.3)
arite(10,2005%5)



2006

OO0

2007
203

ShkkhbkhkhhrhAhkhhhkdkhhhbhhhhhhkhohhhhhhhhhrhh Atk bhohbhhhhhhhdbhbhhbhhhdhth

500

format("Starting powar ‘curve table™//,4x,"i",
Ixs"vCiY" L Ix, "D LI "Y)

do 2 i=1,NWINDS

arite(12,220?7)ir,vtab(id),ptab(i)
format(isS,fb.1,¢%.2)

writa(10,223)

format("Do you wish tc change this table (y/n)?",2)
ifCynCidumd).ne.1) go to 3

call tabl(ptabsvtab)

continue

closa 7

accept "Enter avarag2 wind velocity = ",vbar
accept "Enter Weibull distribution constant = ",rk

done with inputs for futur? Benefits

return
end



OO0

(2]

903

190

901

200

320

SU3ROUTINE DEPREC

ROUTINEZ TO DO DEPRECIATION OF SWECS 3Y EITHER OF THREE
METHODS: 1) STRAISHT LINE DZPRECIATION

2) DSCLINING BALANCE METH0D DEPRECIATION

I) SUM OF THE YEARS® DIGITS DEPRECIATION

include "input_variables”

do 933 i=1,100

depo(i) = 0.0

1 (1.0-fracz)*x(costin - salvage) sbasis cost
m 12 = inmon + 1

go to (100,200,300),depmet

continue sstraight line
z = 1
dea(1) = b/dlife * (w/12.0) s from floschart?

do %31 i=2,dlife

dep{i) = b/dlife

ifimenas12) dea(dlife+1) = (b/dlif2)«({inmon=-1)712.0)
return

declining balance

continue
5t = b/dlife
if = 0
dap(1) = ((dbrate/dlifa)ab) % (m/12.0)
pras = b = dap(1)
do 902 i=2,dlife
den(i) = pres * {(dbrata/dlife)
if(dep(idagt.st) go to 110
if{if.ne.0) go to 120
if =1
sbal = pres
9life = 41lifr - 1L ¢ 2 - (m/12.0)
type "decl bal da2bug"sirdlifesrplifasinnonssbhal
continue
dep{(i) = shal/rlife
go to 902
pres = pres - dep(i)
continue
go to 333

sum of years digits

continue

¥ = dlifa

if(inmon.eq.1) gs to 350
q = (dlife * (dlifa+1)/2)
iyrs = 1

h = b/g

3 = dlife = iyrs + 1
dep(1) = (gxh)*(n/12.0)
continue

iyrs = iyrs + 1

dep(iyrs) = ((b*(u/q)*((innon=1)712.3))+ (b*(Cs=1)/q)*(m/12.0)))

if{iyrs.ge.dlife) go to 330
w = 8 - 1
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go to 320
330" ~ continue
sum = 0
do 904 i=1,dlife
904 sum = sum ¥ den(i)
if(sum.ne.hb) depl(dlifetl) = b - sum
return

350 continue
h = b/(dlifex(dlifet1)/2)
iyrs = 0

370 continue
iyrs = iyrs + 1
g = dlife - iyrs + 1
dep(iyrs) = g * h
if(iyrs.ge.dlife) return
go to 370

end
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subroutine loanpay
routin2 to calculate lcan payments
includz "input_variables”

loanpmt = (loan * loanrx (1.0¢loanr)*xloant)/((1.0*1loanr)*+x(loant-1.
loanpmt = (((loanr*((1.0+loanr)**xloant))/(((1.0+)loanr)**xloant)-1))
1 *1o0an)

do 101 i=1,1230
101 lcosty(i) = 0.9

iup = loant+1
zmprn = loan
zmsum = J,0
do 100 i = 1,iup
if(i.n2.1) go to 19
lcosty{i) = (1.=-(inmon-1)/12.)*1loanpmt
zmbal = lcosty(i) =~ loanr*zmprn*(1.~(inmon-1)/12.)
zmint(i) = loanrtzmprn#(i., ~{inmin=-1)/12.)
zmprn = zmprn = zmbal
zmsum = zmsum *+ zmint(i)
30 to 107
10 if{i.eg.iuv) go to 20
lcosty(i) = loanpmt
zmbhal = lcosty(i) - loanr*zmprn
zmint(i) = loanrtzmprn
zmprn = zmprn = zmbal
zmsum = xmsum + zmint(i)
go to 100
20 lcosty(i) = ((innon=1)/12.)*1loannmt
zmbal = lcosty (i) - loanr*zmprn*{(inmon - 1)/712.)
zmint (i) = loanr % zamprn * ((inmon - 1)/12.)
zZmprn = zmprn = zmbal
zmsum = zmsua * zmint(i)
100 continue

return
and
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. subroutine chginput
include "input_variables"
integer dtyp
1 continue
accept "Enter menu selaction (5 for menu list):",item
if(item.ne.5) go to 3

2 write(10,3200)
go to 1
3 continue

3000 format("<214> Main menu'"//

1 " 1 Initial variables™/
2 " 2 Future Costs"/
3 " 3 Future SWECS banefits"/
4 " 4 No furthar changaes”/
S " 5 Display this menu®/
6 11)
idlitemaledd .or. itom.gtesS) go to 2
go to (6,130,200,500,2) item
Initial variables section
6 typa "Initial variables section.”
7 accept "Snter nunbar of item (19 for list) :", iten
if(itenr.ne.19) go to 9
8 writa(10,2001)
30 to 7
9 continue
2001 format{("”<214>Initial variables menu“//
1 " 1 Title™/
2 " 2 Installation cost"/
3 " 3 SWECS life (years)™/
4 " 4 Residential use fraction™/
5 " 5 Installation date™/
6 " 6 Loan amount"/
7 » 7 Loan tarn (Yaars)"/
8 " 3 Loan intarast rate"/
9 " 9 User discount rate”™/
X " 10 Ytility buy back factor"/
1 " 11 Availability factor®/
2 " 12 Utility grid cost (first year)"/
3 " 13 Grid energy escalation rata'"/
4 ” 14 Users tax ‘bracket"/
5 " 15 First year tax liability"/
6 " 16 No further changes”/
7 " 17 Return to wain menu™/
8 " 18 Redisplay this menu"/
x /)
ifC(itemele.0 .or. item.gt.19) go to 3
go to €(10+,12,14+15+,18,20,22,24,26+,28+,30,32,34+36+,37,500,1,8) itenm
10 write(10,1302)

1002 format{("Title of analysis (50) = ",2)
read(11,1001)ititl=(1)
1001 format(S50)
go to 7
12 accept "SWECS Installation Cost = $",costin
if({costin.gt.0) go to 7
type " Cost must b2 >0."
go to 12
14 accept "Years of SWELS life = ",life
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15

18

182

20

19

22

264
26
28
30
32
34
35
37

100
191
102

133
42090

NON\WVL & NN -

ilife = life
if(life.le.100.and.life.gt.0) 50 to 7
type "life of SWZCS can be no more than 100, re—enter "
go to 14
accept "tnter residential usa fraction = ",frac
if(frac.ge.0 .and. frac.le.1.0) go to 7
type "Fractisn must be botwean 0 and 1."
go to 15
accent "Installation Date (mms,yyyy) = “sinnonsinyr
iflinmon.geele .3nd. inmon.le.412) go to 182
type “Invalid nonth, ra-enter "
go to 18
if{inyr.ge.1975. .and. inyr.le.2309%.) go to 7
type "Invalid year, re—-entar "
J0 %to 18
accept " Loan Amount = $",lo0an
if(lnan.ge.0 .and. loan.le.costin) go to 19
type "Invalid loan anount,”
go to 20
downpay = ctostin - loan
if(downpay.lt.D) type "Downpaynent error”"
3o to 7
accenpt " Loan Tarm = ",1lnant
if(loant.gt.d) go to 7
type "Loan ters tust ba longar than J years™
go to 22
accept "Loan Intarest Rate = ",loanr
30 to 7
accept "User®s Discount(fNpportunity Cost) Rate = ",drate
go to 7
accept "Utility 3uy Back Factor = ",ubihf
go to 7
accept "Availability Factor = ",reliab
30 to 7
accept "First yoar utility grid cost ($/kwh) = $",gridcost
go to 7
accept "Utility grid cost e2scalation rata = ",eerate
go to 7
accept "User®s Tax 8racket = ",taxhrac
go to 7
accent " Estimatad first year tax liability = $",taxliab
go to 7

Future costs saction

continue
type "Future costs menu."
accept "Enter itam number (8 for list) :",item
if(item.ne.B) go to 103

write(10,4903)

go to 101
continue
format{"<214> Future Costs"“///

" Operating and Maintenance costs"/

Cperating and Maintenance escalation rate"™/
Operating and Maintenance factors"/
Replacament Costs (by year)"/
Replacemant escalation rate (only if there ari
No more changes™/ rep. costs)
Return to nain menu"/

2-14

N ON WV E NP -



OO0

8

9

" R Redisplay this ma2nu"/
1)
if(item.,le.0 .or. item.gt.B3) gn to 1950
go to (63,%2,64,86,68, 50C,1,102) item

Akkhhkhkhkhbhhhhhbhbkhhhhhhhe kAo bbb hhhbhbhhhkhhkhbhhhhhhkhkhkkkhikih

60

62

64
6401

6402
65
656

6602
69

680
67

68

901

200
201
202

203
5000

ON WV W=

Start of input of future costs

accept "Oparating and Maintenanca fosts for first Year = $",omcost

if(omcost.ge.0) go to 10D
type "0&M zosts must not be negative."
go to 50
accept "Operating and Maintenanca £scalatisn rate =",omrate
go to 100
writ2(10,6401)
format(" Do you have 02M factors to anter (y/n) ?%,2)
omflag = 0
ifl{yn(idum).2q.1) omflag = 1
if(omflag.ne.1) go to 100
iyaar = life
do 65 iu=1,iyear#1
writa(10,6602) iutinyr-1
format(" 0ZM factor for year ",14," = ",2)
accept futur2(iu)
continue

go to 109
iyear = 1life
rpflag = 1

do 487 iu=1,1ife
write(10,6502) iu
format(1x,"Estimated Replacement Costs for y2ar ",12,"= 3",2)
accent rcosty(iu)
if{rcosty(iu).ge.0) go to 58D
tyne "Replacament costs cannot b2 negative.”
go to 59
rcosty{iu) = rcosty(iu) * (1.0%rorate)**(iu-1)
continue
go to 100
accept "Replacemant Escalation rata = ",rerate
do 9901 i=1,1ife
rcosty(i) = rcosty(i)*{(1.0+rerat2)ax(i-1)
continue
go to 1090

Future banafits section

continue

type "Future benefits section.™

accept “Enter item numbaer to change (13 for list):"sitem
if{(itemn.ne.13) go to 203

writa(10,5000)
go to 201
continue
format("”<214> future benefits section™?//
" 1 Unused"/
” 2 Diract use factor"™/
" 3 SWECS anargy production®/
" 4 State tax credit"/
" S Depreciation method and rate”/
" 6 Depreciation life"/
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2005

42
4202
43
70
72
76
7602
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NN -

" Salvag2? value"/

" Znargy production nodel"/

b No more changes®/

Return to nain me2na"/
Redisplay this menu"/

”

- h wd b D U3
WM - D

/7)
if‘ltemcletc .Ot‘.ite-ﬂ\-jt.“.‘) g9 to 202
go to (650,49,70,72,76,73,80,81,%0,92,500,1,202) item

go ta 209

urite(10,2005)

format("Direct Use Factor is constant {y/n) = ",2)
duf = =1 7Set duf to -1 for not used

if(yn(idum).ne.1) 3o to 42
accept "Oirect Use Factor = "“,du¥
go to 200
do 4% j = 1,ilifa ¢ 1
arite(10,4202) j+inyr-1
format(1X,"Direct Use Factor for Year ",i4,"=",2)
accept dufy(l))
continue
go to 200
accept "Net SWECS Enargy Production (KWH) = ",sagkuwh
go teo 209
accept “Enter state tax benefits: ,staxhene
Jgo to 209
continue
writa(10,75C2)
format("Devrociation Method:".,/,
1x,"1) Straight Line Depreciation ",/,
1x,"2) Daclining Balance Depreciation ",/,
1x,"3) Sum of the Years Digits Depreciation ™)
accept " Depreciation Number = ",dapmet
if(depmnet.lt.l1.0r.depmet.gt.3) go to 75
if(depmet.ne.?2) 3o to 200
accept "Select Declining Balance rate = ",dbrate
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78
30

81
1003

82
84

1008
902
86
910
1004
1005
911
1006
1007

912

90
92

khkhkhhkhkkhkhhhhkhbkhhhkhhbhhbh bhkbhbhkhhhhhrhbhhhhhkhhhbhhhbhrhhhhhbkbhbhbbhhhkhk

500

W N -

go to 201
accept "Yepraciation life (in years) = ",dlife
go to 209
accept "Salvage Value of SWELS = ",salvage
if(salvage.ge.De.and. salvage.le.zostin) go to 200
type "Iliegal salvag» value.™
go ta 30
arita(10,1203%)
format{"Snargy production mnethod:"/
1x,"1) €ater annual enargy produced",/
1xr,"2) Fater energy nraducad by month",/
1x,"3) Use SWELS power curve for annual average")
accept " Fntar enercy production mathod :",emet
1f(emet.le.0 .or. emat .gt.3) go to %1
go to (82,%24,85)s,2et
accept " Enter annual SWECS enarqgy production (kwh) :",sagkwh
go ta 200
continue
do %932 i=1,12
writa(10,1003) i
format{(""nter onargy produced in month ",i2," = ",2)
accapt enon(i)
continue
jgo to 2C)
continue
apen 7, "pcurva”
do 910 i=1,NAIMNDS
read(7,10C4%) vtan(i),ptab(i)
format(2f10.3)
writ2(10,1205)
format{"Starting power curve tahle™//,4x,"i",
Ins"v(id",3Ixs "0 (L))
do %11 i=1,NWINDS
yrite(10,100%)ir,vtab(id,ptab(i)
format{(iS,fb6.1,1f7.2)
writ2(1C,1207)
format("Do you wish to change this table (y/n)?",2z)
1f(yn(idum).ne.1) Jo to 912
call tabi(ptabr,vtab)
continue
close 7
accent " Enter average wind velocity = ",vbar
accept " Entar Weibull distribution constant =
go ta 200
accept " Enter average wind velocity
go to 209
accept " Enter Weihbull distribution constant = ",rk
go to 209

",srk

evVIanr

done with inputs for future 3enefits

return
and
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SU3ARDUTINE POWER(P,V,PTA2,VTAB)
DIMENSION PTAB(3),VTAR(3)

NTAB=8

NSTOP=NTAB-2

IF(VLLZ.VTAB(1))50 TO 2

00 1 I=1,NSTOP
[F(V.GT.VTAB(TI))INT=I

X1=VTA3(INT)

X2=VTAS(INT+1)

XI=VTAZ(INTH2)

Y1=PTA3(INT)

Y2=PTAS(INT+1)

YI=PTAI(INT+2)
P=(V-X2)*x(V=X3)2Y1/(X1~-X2)7/(X1-X3)
P=P+(V-X1) & (V=X3)*Y2/(X2=-X1)/(X2~-X3)
P=P+{V=-X1) % (V=X2)*¥3/(X3~-X1)7(X3-X2)
IF(V.GT.VTAB(NSTOP#2))P=0,)

G TQ0 3

P=3.0

CONTINUE

RETURN

END
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201

10

202

SU3RDUTINE TABL(PTAE,VTAB)
DIMENSION PTAB(8),VTAB(8)
NTAB = 8

CONTINUYE

WRIT=(10,200)

FORMAT("ENTER NUMBER TO CHANGE(<=0 YO STOP)

ACCEST I
IF(I.LS.0) GO TO 10
WRITZ(¢10,201)

FORMAT("ENTER VTAB(I),PTAB(I) :",2)

ACCEPT VvTAB(I),PTAB(I)

50 T2 1

CONTINUE

REWIND 7

20 2 I = 1,NTA3

WRITE(7,202) VTA3(I),PTAB(I)
FORMAT(2F10.3)

RETURN

END
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x4000
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901

130

922

200

933

904

subroutine ecostban
include "input_variables™

subroutine to calculate energy yield of a swecs
given tha swacs power curve and the parameters
for a weibull wind distribution

the program fits a cubic polynomial to six psrv
points to represant the power curva, v{1) is
taken as cut=in speed, v(6) is takan as cut-out,

ntab=NWINDS
do 921 i=1,120
scheney (i) = 0.0

go to (10C,220,300) emet

continue

xduf = duf

do 902 i=1,ilife
if(dufeeqea=1.0) xduf = dufy(i)

cde = reliah +* sagkwh * gcosty{i) ~ xduf

cea = reliab*sagcuwhrgcosty(i)+«(1.0 = xduf)xubbf*x(1.0 - taxbrac)
db = dep(i) * taxbrac

ave = cde * taxbrac * (1.0 - frac)

schbeney(i) = cde + cee + db - ave + zmint(i)*taxbrac

coaben{i) = db + zwint{i)xtaxbrac

if(i.e3.1) scheney{i) = scbeney (i)« (1.3+{(inmon=-1)712.0)) + ttaxbene
ifli.eqg.1) coehen(i) = coeben(i)*(1.92-C(innon=-1)712.0)) + ttaxbene
if(i.eg.ilife) coneben(i) = coeben(i) * ((inmon-=1)/12.0) + salvage
if(i.eq.ilifa) scbenayfi) = scheney(i) * ((inmon=-1)/12.0) ¢+ salvage
write(12,4000)i,cdeszeesdbraverscheney (i)

format(i5,1p5e15.5)

continue

return

continue

first year

sumf = 0.0

do 903 i=max{(1,inmon-1),12
sumf = sumf + amon(i)

xduf = duf

if(duf-eq--1-0) xduf = dufy(1)

cde = reliab * sumf * Jcosty(1) * xduf

ce2 = reliab* sumf *gcosty{1)«(1,0 = xduf)*ubbfx(1.0 - taxbrac)
db = dep{(1) * taxbrac

ave = cde * taxbrac * (1.0 - frac)

scheney(1) = cde + cee + db = ave * zmint(id*xtaxbrac

scheney(1) = scbaney(1)x(1.0-({inmon-1)/12.0)) + ttaxbenea

coeban(1) = db + zwnint(i)xtaxbrac

coaban(1) = coeben(1)x{(1.0 = ({inmon-1)/12.0)) + ttaxbane
writa(12,4009)1,cd2,cerrdbraverscbeney(i)

sagkwh = 0.0

do 904 i=1.12

sagkwuh = sagkwh + emon(i)

xduf = duf

d0 905 i=2,ilife-1

ifldufeeqe=1.0) xcduf = dufy(i)
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X x X X x X

935

300

10

208

210

211
212

cda

reliab * sagkwh * gcosty(i) & xduf

ce?2 reliabtsagkwh*gcosty(i)«(1.0 - xduf)#*ubbf*{1.0 - taxbrac)
db = dapli) * taxbrac

ava = ccde * taxbrac * (1.0 - frac)

scheney(i) = cde + cee + db - ave *+ zmint(i)*taxbhrac
coaban{i) = db + zwint{i)*taxbrac

arite{(12,4000) iscdesceerdbraverschanay (i)

continue

sunl = sagkwh = s3umf

xdu¥f = duf

ifldufeeqe=T1.0) xduf = dufy(ilife)

cde = reliab * suml * gcosty(ilife) * xduf

cee = reliab* suml *3costy(ilife)*(1.0 = xduf)*ubbf«(1.0 - taxbrac)
db = dep(ilife) * taxbrac

ave = cde & taxbrazc « (1.0 - frac)

scheney(ilif2) = cde + cee + db - ave + zmint(i)xtaxbrac
scbeney(ilife) = scbenay(ilife) * {((inmon=-1)/12.0) + salvage
coeban{ilife) = db + zmint(i)*xtaxbrac

coaban{ilife) = coebenlilife) * ((inmon-1)7/12.)) *+ salvage
writa(12,4000)ilifercdesceardbraverschenay(i)

return

o

continue

c=vhar*x(1.2381+3.058%alog(rk))

const=1.

sagkwh=0.0

emax=0.

hmax=0.

v=vtab (1)

dv=0.0G5

do 7 n=1,100D

call power(psvsptabsvtab)
hours=3750.*(exp{-constx{v/c)xxrk)-exp(=constx(
(vtdv)/c) *xxrk))

delen=prhours

if{delan.lt.emax)go to 8

a2max=da2lan

Vmaxa=yv

if(hours.lt.hmax) go to 9

hmax=hours

vmaxsv

pmaxzp

continue

sagkwh=sagkwhtdelen

v=vidy

if(vagt.svtab{ntas)dgo to 10

continue

continue

write(10,228) vharsrkec

format(" W2ibull distribution parameters"/
Sxs"Vbar= "£5.,2," k= "f4.2," c= "f4.1)
write(10,210) sajkuh

format{(" Annual 2nergy yield= "f10.0," kuwh")
pbar=sagkwh/38750.

write(10,211) phar

format(" Annual average power sutput= "f10.2," ku")
writ2(10,212)vnaxs, pmaxesvmaxe
format(/5x,"Most probable wind speed= "f5.1,
I5x,"Most arobable power output= "f6.2,
I5xs"Wind speed for maximum enargy density= "f5.1)
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xduf = duf

do 91D i=1,ilife

if(duf.eq.-1.0) xduf = dufy(i)

cde reliab * sagkwh * gcosty(i) % xduf

cee reliab*sagkwhtgcosty(id*{(1.0 - xduf)~ubbf*x{(1,0 - taxbrac)

db = dep{i) * taxbrac

ave = cde * taxbrac « {1.0 - frac)

scheney(i) = cde + c2e + db = ave + zmint(i)xtaxbrac

cozhan(i) = db + znint{i)+xtaxhbrac

if{i.ege1) coeben(i) = coehbenl{i)*(1.9=-({innon=1)712.0)) + ttaxbene
if(i.eqg.ilife) coeben(i) = coeben(i)*((inmon=1)/12.0) + salvage
ifli.ege1) schbanay (i) = scheney(id«(1.0-{{inmon=1)712.0)) + ttaxbene
if(i.ea.ilif2) schbaney(i) = scheney(i) * ((inmon-1)/12.0) + salvage
writa(12,4300)1,cd2sce2,dbraverscbaney(i)

continue

return

and
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.subroutine out{iunit,jvar)
include "input_variables™
Jlifa = life ¢+ 1,

write{iunit,900) ititle (1)

—N o — — -
o .
Q

format{1hl,s50/)
writa2(iunit,2224)
2224 format(V===-wmccnrrccnre" inttial variahlesg~=-=<-=ceccce=-- ")
write(aunit,992)
write(iunit,%01) costin
901 format("™ SWECS YIastallation Cost = $",f10.2)
write{iunit,?30) life
930 format(" Yeors of SW3CS life =",9x,f5.0)
write(iunit,9?368) inmonsinyr
936 format{(" Installation Date = ",i2,"/"i4)
write(iunit,999)
999 format(1h0)
write(iunit,907) loan
907 format(" Total amount of loan = %", £10.2)
if(jvar.eq.1) write(iunit,905) downpay
906 formzat(” Down payment on loan = $", €10.2)
writa(iunit,932) loant
938 format(" Lnan Term = ",7x, €5.0, " years")
write{iunit,932) loanr
919 format(" Loan Interest Rate = ",1x,f5.3)
ifljvar.2q.1) write(iunit,923) loanpmt
923 format("” Calculated annual loan payment = $%, £10.2)
write(iunit,799)
write(iunit,743%) drate
943 format (" User’s Discount{Opportunity Cost) Rat2 = ",¥5.3)
| write(iunit,241) taxhrac
941 format{" User”s Tax Bracket = ",f5.3)
write(iunit,242) taxliab
942 format(” First year tax liability (w/o suwecs) = $", £10.2)
write(iunit,?232) frac
932 format(" Enter residential use fraction = ",¥5.3)
urite(iunit,9729)
writeliunit,903) gridcost
903 format("” Utility Grid Cost for first year ($/kwh) = $",f5.3)
write{iunit,?04) eerata
934 format(” Utility grid cost Escalation Rate = ",8x,f5.3)
grita(iunit,?35) ubhbf ~
935 format(" Utility buy back factor =",19x, f5.3)
arite(iunit,9299)
writae(iunit,2225)
2225 format("===-=e=====future costs/benefitg-~----cevenecno=~ ")
write(iunit,997)
write{iunit,908) omcast
908 format (" Onerating and Maintenance Costs for first Year = $",¢10.2)
if(omflageneel) write(iunit,949)
949 format("” Operating and Maintenance factor is constant.”)
iflonflage.eqg.1) writea(iunit,912) (inyr#*i-1, future(i),i=1,jlife)
912 format("D0oerations and Maintenance costs by year™/" Year™,4x,"Cost™/
1 100(2xritesr 3x,"8",¥10.27))
write(iunit,90%) omrate
909 format(” Operating and Maintenance Escalation rate =",5x,f10.2)
if(roflage.2g.1) srite(iunit,?11) (inyrt+i-1, rcostyCi),i=1,jlife)
911 format{"OReplacenent costs by year"™/" VYear",4x,"Cost"/
1 100C2x,i4,3x,¥85",¥10.27))
if{rpflage2qe1) write(iunit,?10) rerate
910 format(" Replacement Escalation rate = ",f5.3)
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905
921

954

944
945
946
948

2222
100

210G

204

213
211
212

drita2(iunit,?39)

arite(iunit,207) raliay

format(" Aveilability €factor =",é4xsf4.2)

urite{iunit,934) aduf

format(" Total direct use factor =",€5.3)

ifl(duf.eqga=1) write(iunit,950) (inyr+i-1, dufy(id,i=1,jlife)

format("JCira2ct us=> factors by year"/" Year",4x,"Factor"/
100(2x 714, 4xr,t5.27))

orite{iunit,?205) salvaje

format("™ Salvage value of SWECS = $",f10.2)

srite(iuni®,?21) cuf

format (" Economic utilization factor =",£5.3)

writa(iunit,954) ttaxbene

format(" Total first year tax benefits (includes state)= $",¥10.2)

write(iunit,?299)

if{frac.2g.1.9) 50 to 2222

if(depmetenqgel) write(iunit,?44)

format("” Using Straight Line Depreciation ™)

if(depmnet.aq.?2) write(iunit,?45) dhrate

format(" Using Declining Balance Depreciation sith rate =",f6.3)
if{dapmet.eq.3) writeCiunit,94%)

format(" Using Sum of th2 Years Jigits Depreciation ")
writa(iunit,943) dlife

format("” Depreciation life (in years) = ",€5.2)

go to (100,230,330),emat

continue

writa(iunit,210) sagkuh

format{"” Annual 2nergy yield= "£10.0," kwh™)
go to 500

continue

arite(iunit,922) (irsemon(i),i=1,12)

format{("NDEnergy aroduction by aonth™/" Month",4x,"Energy (kweh)"/
1203%x,12,23x,F10.27))

write(iunit,211) sagikwh

go to 499

continue

grita(iunit,203)

format("1Powar curve used in subseguent calculations”
I1/5xs"Vel",Sxs"Power"/)

v=1l.0

dv=1.0

do 4 i=1,47

v=vtdy

call power{psrveseptab,vtad)
if(peogteDaMuwrite{iunit,204)v,n
format{(+10.1,¥10.2)
if(jvar.ne.1)raturn

writ2C(iunit,213) sagkuwh

format(" Calczulated annual energy yia2ld= "£10.2," kwh"™)
arita(iunit,211) phar

format(" Annual averaga poser output= "f10.2," kw/h")
write(iunit,212)vmaxspmaxsvymaxa

format(/5x,"Most probahle wind speed= "f5.1.,
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400

2225

919

920

950

951
631

962

964

602

924

951

925

956

957

/5x,"Most probable pou2r ocutnut=s "fb.2»
/3x,"Wind spaed for maximum en2rgy dansity= Y£5.1)

continue
arite(iunit,99%)
uriteliunit,2224)
format("-—r-vererm e 2conamic analysig-—=<--cmcer=mc=—-- ")
ariteCiunit,799)

grite(iunit,919) acse

format{" Annualized cost of SWECS 2na2rgjy
arit2{iunit,923) acge

format{("” Annualized zost of grid energy

"

$",¢5.3)

£7,f5.32)

H]

grite(iunit,260)

format{("1Cash flow "//" Yaar",t10,"3enefits",t25,"Costs”,
t23"Yearly cash flow™,162,"Total cash flow"//)

sun = 0.0

do 631 i=1,jlife

ycf = scheney(i) = tcosty (i)

sym = sumn + ycf

write(iunit,7281) inyr+i=-1, scbaney(id), tcosty(id, ycf, sum

format(2x,i4,t2,f10.2,%22,¥10.2,t33,F10.2,262,F12.2)

continue

aritaiunit,962)

format(" Yearly nresent valu=2"//" Year",t10,"P.V. Benefits",t25,
"pP.V. Losts",t42,"Yearly P.V. change”,té65,
"Tatal NoVY"//)

sun = 0.7

do 602 i=1,jlife

ypv = SPVBY(I) - PVCY{ID)

sum = sum ¥ vpy

sriteCiunit,364) inyrti-1, snvhby(i), pvcy(i)s, ypvs, sum

format{2x,ib,t10,F10.2,t26,¢10.2,%45,¢10.2,t%5,€10.2)

continue

ariteCiunit,224) (inyr+i-1, tcosty{id),i=1,jlife)

format("dTnotal costs by year "/" Year®,4x,"Cost"/
103(2!11‘&1 3)(1"'5"1f10-2/))

gritaliunit,?51) (inyr*i-1, dep(id-,i=1,jlife)

format("JDaprecation values by year”™/" Year",4x,"Den. Value"/
100Q2x,i%s Ix,"3",£10.27))

grita(iunits,?225) (inyr+i-1, scheney(iderzmint(id,i=1,jlife)

format("JTotal SWECS banefits by y2ar "/" Year",4x,"Senefits"/
100C2xeibsr 3 "3"+2%¥10.2/7))

writeCiunits,?548) (inyrti=-1, lcosty(id,i=1,j1if=»)

format{"JLoan costs by vyesr"/" Year",4x,"cost"/
10002xeibr3x,-"3",¥10.21))

sritefiunit,957) (inyr+i-1, pvey(id,i=1,3lif2)

format{"JdPresent value costs by year"/" Yaar",4x,"cost"/
1000 xrib,3x,"3",¥10.27))

raturn

and
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PROGRAM TO CALCULATE ENERGY YIELD DF A SWECS
S5IVEN THI SWECS PCWER CURVZ AND THE PARAMETERS
FOR ZITHEZR A NASA OR A WEIZULL WIND DISTRIBUTION

THE PROGRAM FITS A CURIC POLYNOMIAL TO SIX P,V
POLINTS TJ REPRISINT THE POWER CURVE. V(1) IS
TAKEN AS CUT-IN SPEZED, V(6) IS TAKEN AS CUT-0QUT.

ARITTEN 3Y C HANSEN FOR THEZ 3UREL CY3ER SYSTEM
AND MODIFIZ0 FOR ECLIPSE 25 2CT 79.

DIMENSION VTAB(R),PTAR(B)

DIMENSION LTITLE(2D)

NTAB=8

OPEM 7, "PCURVE"

OPEN 12, "ECALCOUT"

TYPE "ENTER TITLE INFORMATION"
READ(11,110)LTITLE

FORMAT(20A2)

WRITE(12,111) LTITLE

FORMAT(1OX,"ZNSR5Y YIELD CALCULATIONS"/10X,20A2)
70 1 I=1,NTA3

REAG(T,130) VTAB(I),PTAB(YD)

TORMAT(2F12.3)

WRITE(1C,200)

FORMAT("STARTING POWER CURVE TABLE"™//,4X,"1I",
XAV, 3X,"P(TY)/)

D0 2 I=1,NTAB

WRITEC(10,201)1,VTIAR(I)»PTAB(I)
FORMAT(IS,F6.1,F9.2)

WRITE(10,222)

FORMAT("D0 YDU WISH TO CHANGE THIS TABLE?",/
"(0=NO,1=YES)™)

ACCEPT ICHANG

IFCICHANGLNEL1)G) TC 3

CALL TABL(PTAB,VTAR)

CONTINUE

WRITE(10,202)

WRITE(12,233)

FORMAT(/"POWER CURVE USED IN SUBSEQUENT CALCULATIONS®

I5Xs"VEL" 75X, "POWER"Y)

v=0.0

Dv=1.0

30 4 I=1,40

V=V+DV

CALL POWER(P,V,PTAB,VTAB)
IF(P.GTa0.0)HRITEC10,204)V,P
IF(P.GT.0L0)ARITE(12,204)V,P
FORMAT(F10.1,F10.2)

WRITZ(10,29%)

FORMAT("ENTER 1 FOR WEIBULL, 2 FOR NASA DIST."™)
ACCEPT NDIST

IF(NDIST.EQ.2)50 TO 5

WRITZ(10,206)

FORIMAT("ENTER AVERAGEZ VEL AND X VALUE™)
ACCEPT V3AR,RK
C=VBARX(1.081+0.068*xALNDG(RK))

CONST=1.

50 TO §

WRITE(1D,207)
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208

1"
209

12

210

211

212

214

FORMAT("SNTER AVERAGE VELOCITY™)

ACCEPT V3AR

C=VvBaR

RK=2.25

CONST=0.773%8

CONTINUE

ENERSY=0.0

EMAX=0.

HMAX=0.

v=vVTasg(1)

ov=0.05

D0 7 N=1,1200

CALL POWER(P,V,PTAR,VT2AB)

HOURS=3780. 2 (EXP(~CONSTA(V/CIX+RK)-EXP{(~CONST*(
(V#DV)/C)%&RX))

DELEN=PxADURS

IF(DZLENLLT.EMAX)GD TO 8

EMAX=DESLEN

VMAXE=Y

IF(HOURS.LT.HMAX) 50 TO 9

HMAX=HDURS

VMAX=VY

PMAX=P

CONTINUE

ENERGY=ENERGY+DELEN

V=Y+DV

IF(V.GT.VTAB{NTAR))GO TO 1D

CONTINUE

CONTINUE

IF{NDIST.EQR.2) GI TO 11

WARITE(10,208) VBAR,RK,C

WNRITE(12,208) VBAR,RK,C

FORMAT(//"WHEIBULL DISTRIBUTION PARAMETERS"/
SX,"VBAR= "F5,.2.," K= "frF4.2," C= "F4.1)
GO TO 12

WRITE(12,239%9) VBAR

WRITZ(10,209) VBAR

FORMAT(//"NASA VELOCITY DISTRIBUTION"/
3X,"MEAN VELOCITY= "FS5.2)

CONTINUE

WRITE(10,210C) ENERGY

WRITE(12,210) ENERGY

FORMATC(//"ANNUAL ENERGY YIELD= "F1D0.0," KWH")
PBAR=ENERGY/E750.

WRITE(12,211) PBAR

FORMAT("ANNUAL AVERAGE POMWER QUTPUT= "F10.2," KW")
WRITE(12,212)VYMAX,PMAX,VMAXE
FORMAT{/5X,""MOST PROBABLE WIND SPEED= "F3.1,
715X,"MOST PROBABLE POWER QUTPUTY= "Fé.2»
ISX,"WIND SPEED QR MAXIMUM ENERGY DENSITYY= "F5.1)
WRITE(10,214)

FORMAT("DO YOU WISH TO REPSAT FOR A NEW WIND DIST.?™)
ACCEPT IREPEAT

IF(IREPEAT.EQ.1)50 TO 13

CLOSE 12

gcLosSe 7

END
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INTEGER FUNCTION YN(LEN)
READCT1,1001)IFLAG

1001 FORMAT(AT)
YN = 0
IFCIFLAGLEQL"Y ",ORJIFLAG.EQ."y ") YN = 1
RETURN
END
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.SU3RDUTINE POW:IR(P,V,PTAZ,VTAR)
DIMENSION PTAR(8),VTAR(R)
NTAE=8
NSTOP=NTAB-C
IF(V.LELVTAB(1))G0 1D 2
20 1 I=1,NSTOP

1 [IF(V.GT.VTAB(I))INT=1
X1=VVTA3C(INT)
X2=YTAB(INT+#1)
X3=VTA3(INT+2)
Y1=PTA3I(INT)
Y2=PTA3(INT+?])
Y3=PTAS(INT+2)
P=(V-X2)*(V=X3)*Y1/(X1~-X2) 7 (X1-X3)
PP+ {V-X1)#x(V=-X3)*xY2/(X2=-X1)/(X2~X3)
P=PHLV-X1) A (V=X2) % Y3/ (X3~X1)/(X3-X2)
IF(V.GT.VTABI(NSTOP#2))P=0.10

50 73 3
2 P=0.0
3 CONTINUE
RETURN
END
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