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Abstract

BUCKS is a computer model designed for economic analysis of solar
electric power plants. The model determines the levelized life-cycle revenue
per unit output from the plant that will be sufficient to compensate for the
fixed and variable costs, pay interest to bondholders, and provide return to
stockholders. Cost scaling relationships for solar plant subsystems have been

. developed which allow BUCKS in conjunction with a plant performance model to

perform a number of cost benefit calculations.
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INTRODUCTION

BUCKS is a computer model developed for economic analysis of solar
thermal central receiver technology in utility networks and for compara-
tive evaluation of alternate plant designs. The model described in this
report calcutates power production costs for a single solar thermal central
receiver power plant. An extended version of BUCKS which is being developed
will include the impatt of solar electric plants on utility network economics.

The model calculates levelized busbar energy cost. This is the constant
revenue per unit output required over the plant lifetime to compensate for its
fixed and variable costs, pay interest to stockholders, and provide return to
shareholders. It does not include transmission and distribution costs or
other indirect utility costs.

BUCKS is used in conjunction with two other models developed at Sandia
Laboratories as a part of the Central Receiver Solar Thérma1 Electric Program.
MIRVAL (Reference 1) provides heliostat field efficiencies as a function of
sun position to the plant performance model, STEAEC (Reference 2). Plant
performance and subsystem sizes are then calculated by STEAEC and used by
BUCKS to compute the plant levelized busbar energy cost. Figure 1 depicts the
relation of the models. BUCKS was designed to interface with these models,
but can be used in conjunction with any plant annual performance model.

The basic inputs and components of the model are shown in Figure 2. The
required input information to BUCKS includes cost estimates for the reference
plant, and performance information for the subject plant. The reference plant is
one for which detailed cost estimates are available. The subject plant repre-
sents a variation in size from the reference plant but maintains the basic design

concept.
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The model scales the reference plant estimates for both capital costs
and operations and maintenance (0&M) costs to the subject plant size. The
costs are then escalated to the time when they are required for payment on a
plant expense. The esca]ated 0&M costs are the total 0&M costs accrued over
the plant life. The escalated capital cost is added to the cost for use of
money during the construction period to give the total capital investment
at the year of commercial operation. This capital investment cost is added to
additional fixed costs to give the total fixed costs over the plant life.
Fixed costs are those which are independent of the plant annual generation
Tevel such as capital investment, depreciation income tax allowance, and
insurance and property tax. Both the total fixed and 0&M costs are then
discounted and levelized to give the levelized annual required revenue.

This estimate is normalized to the estimated annual generation to give the

levelized busbar energy cost.
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MODELING METHODOLOGY

BUCKS uses the levelized required revenue approach to calculate busbar

energy cost. The levelized revenue required to compensate for the fixed and

variable costs, pay interest to bondholders, and provide return to stock-

holders is calculated from estimates of plant cost and performance.

1)

2)

4)

5)

6)

7)

, 3).

The steps involved in this calculation are as follows:

the required reference plant and subject plant information is suppliéd

to the model

the capital investment costs are scaled to the subject plant size

the total investment in the plant at the start of commercial operation

is calculated including cost escalation and the cost for use of

meney during construction

the levelized annual fixed cost revenue is calculated including all

fixed annual expenses

the annual operations and maintenance costs are scaled appropriately

and escalated to the year when the expenses are incurred

the levelized annual variable cost revenue is calculated (the terminology
“variable cost" refers to annual operations and maintenance expenses even
though these expenses may not be a function of the plant's annual electri-
cal output)

the levelized busbar energy cost for the ptant is calculated as the

sum of the levelized fixed and variable costs divided by the net annual
generation from the plant; it does not inc]ude transmission and distribu-

tion costs.

Each of these steps will now be described in more detail. Included in these

discussions are the required equations and their derivation. The nomenclature
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as it is used in these discussions is defined in each section. Included is a
correlation, where applicable, with the corresponding FORTRAN variabie shown

in parentheses after the definition.

A. Capital Investment Cost Scaling

Nomenclature

COSTS(i): Input reference plant capital investment cost for jtem i
(COSTS(1))
CCOSTS(i): Cost of item i scaled to the subject plant size (CCOSTS{i))
CONT: Contingency allowance for thé subject plant (COSTS(60))

FRCON: Fraction of total plant cost estimated as contingency

In the analysis of solér plant designs it is often desirabie to investi-
gate a range of solar subsystem sizes - collector field size, receiver capacity
and thermal storage capacity. It is necessary, therefore, to scale the cost
estimates. A linear scaling model is assumed using an appropriéte scaling

parameter for each cost.

v _ _subject plant parameter value .
CCOSTS(1) reference plant parameter value x COSTS(1)

The solar related cost items and their associated scaling parameters are shown

in Table 1.
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Table 1

Solar Related Costs

Cost Item

Collector field
Receiver units
Receiver feed and return piping

Towers and foundations

Receiver/Tower Design
Feed pumps

Thermal storage
Tank equipment
Foundations
Media
Instrumentation

Thermal storage
Piping from receiver
Charging heat exchangers
Thermal storage
Piping to turbine
Discharging heat exchangers

Thermal Storage
Media piping

Thermal Storage Design

' Master Control

Scaling Parameter

Square meters of reflective surface
MW(t) peak receiver capacity

MW(t) peak receiver capacity

. 2 _
{Tower height)” = square meters of
reflective surface

Fixed cost
MW(t) peak receiver capacity

MW(t)-hr storage capacity
MH(t) charging rate

MW(t) discharging rate

MW(t) charge plus discharge rates

Fixed cost

Fixed cost
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The cost items which usually are independent of the solar subsystem

designs, i.e., nonsolar related cost items, and their associated scaling

parameters are shown in Table 2.

Table 2

Other Plant Costs

Cost Item

Site preparation

Turbine building

Other buildings

Turbine plant equipment
Electrical plant equipment
Maintenance & handling equipment
Miscellaneous plant equipment
Transmission plant equipment
Distributables

Spare parts

Architectural engineer services
Construction manager

Solar integrator & design

Plant startup and checkout

14

Scaling Parameter

Square meters of reflective surface
MWe gross peak output
Fixed costs

MWe gross peak output
MWe gross peak output
Plant direct cost
Fixed cost

MWe gross peak output
Nonsolar related costs
Plant direct cost
Nonsolar related costs
Fixed cost

Fixed cost

Fixed cost



Contingency is estimated as a fraction of the total plant cost:

CONT = FRCON X > CCOSTS(1)
i

The total cost of the plant in base year dollars is the sum of all these

costs:

CI = 5 CCOSTS(i) + CONT
i

B. Plant Investment at Year of Commercial Operation

The total plant investment cost at the year of first commercial operation
has two distinct components:
1) The capital cost escalated to the beginning of construction, and
2) The cost of interest and escalation during the period of construc-
tion. Since the plant is built over a period of years, the cost of
unbuilt or unbought portions of plant equipment continues to escalate
during construction. Additionally, the plant constructor is receiving
payouts at regular intervals and the utility is thus paying interest
on the money it is using during construction. This cost is calculated
in three parts by BUCKS:
a. Additional cost due to escalation from the beginning of construc-
tion to the time of payment to the constructor
b. Interest compounded quarterly attributable to the capital cost at
beginning of construction

c. Interest on the escalation from the beginning of construction

15



Capital Cost Escalation

Nomenclature
CI: Capital investment in base year dollars (CI)
ESCI: Capital investment escalated to the start of plant construction (ESCI)
EDC: Additional cost due to escalation during construction (EDC)
e, Capital cost escalation rate for year y (CESC(-})
YTC: Number of years from the base year to the start of construction (YTC)
Ci: Value of the payout in the ith time period in start-of-
construction dollars; zC; = ESCI
ti: Years after start of construction to 1th payout
M: Number of payout periods

The escalation of the plant capital investment to the time of payout is

broken into two components:

and escalation during construction, EDC.

escalation to the start of construction, ESCI,

The escalation to the start of

construction is calculated as:

YTC
ESCI = CI ]I

{l+e )
y ]

The cost of escalation during construction can be expressed as

16
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The escalation rate, ey(i), is assumed to be constant from the start of con-
struction to the time the payment is made. The rate is assumed to pe that of
the year in which the payment is made. In BUCKS this calculation is further
simplified by assuming equal payout amounts, and 100 payout periods of equal

lTength, thus

100 t
= 1 i
EDC = ESCI \im 21 (l+ey(_”) - 1}
i=

To investigate alternate payout distributions with BUCKS will require modi-
fications of the calculation of escalation and cost of money during construc-

tion.

Cost of Money During Construction

Nomenclature
IDC: Interest during construction on the investment in start-of-construction
dollars; i.e., assuming constant dollars over the construction

period (1DC)
IES: Interest on escalation during construction (IES)

x: Effective cost of money to the utility; the interest rate for

use of money (ECOM)
YIC: Number of years in the construction period (YIC)

During the construction period as the capital cost is paid out, a cost
for the use of that money is charged against the total capital investment cost

for the plant., The cost for money is broken into two parts: interest during
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construction on the investment in constant dollars, IDC, and interest on the
escalation during construction, IES. The interest is assumed to be compounded
quarterly.

Interest during construction in start-of-construction dollars (i.e.,
constant dollars) is calculated as the difference between the capital with and

without interesti:

M

M
4(YIC-t;)
IDC = E ¢y (1+x/4) v E ¥
i=1 i=1

This calculation is simplified in BUCKS assuming equal payout amounts and a

nominal 100 payout periods of equal length:

100
4(YIC-t,)
IDC = ESCI 1‘(1)—0[2 (1+x/4) - 1}
i=1

The interest on escalation during construction is calculated as the
di fference between interest during construction including escalation, and
interest on the unescalated capital investment. Assuming equal payout amounts
and 100 payout periods of equal length, the interest on escalation can be

expressed as:

100 100
t. 4(YIC-t,) ts
- ESCI i i i
xzs-m—Lgl: (Lrey(4))  (Lex/4) - Z; (1+e, ) }-IDC
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C. Operations and Maintenance Cost During Plant Lifetime

Nomenclature

XMED: Cost for media replacement in base year dollars (XMED)

TMED: Total cost for all media in the storage subsystem in base year

dollars (FOTEMP)

REP: Estimated fraction of the media that should be replaced if the

entire storage unit were charged the entire year (DGRADE)

XMWH2: Number of megawatt-hours of storage which is filled each hour,

integrated over the year (XMWHZ2)
IYHR: Number of hours in a year (IYHR)
SMWTH: Thermal storage subsystem maximum thermal capacity (SMWTH)

Nk Operations and maintenance costs for the plant in base year

dollars {FOTEMP)
ES: Escalation rate for operations and maintenance costs (ES)
YCO: Year of commercial operation (YEAR)

The solar plant operations and maintenance costs for all but the thermal
storage media replacement cost are estimated from input cost information
scaled to the desired subsystem size. The cost per unit value of the scaling
parameter (XONM), the scaling parameter to pe used (indicated by ISIZE), and
the frequency of the operations and maintenance task (that is the number of
times in the plant lifetime) (FREQ) are supplied as input to the model. Based

on this input and the subject plant subsystem sizes, the cost in base year

19



dollars for operations and maintenance in each year of the plant life is
calculated. A1l of these costs are assumed to be independent of the plant net
electrical output.

For thermal storage designs which require usage dependent partial
replacement of the thermal storage media, the annual charge for the replace-
ment media is calculated and added to the operations and maintenance cost for
the plant. The cost for media replacement in base year dollars can be expres-

sed as:

XMWH2

XMED = TMED x REP x IVAR x SMWTH

The replacement cost is proportional to the fraction of the time that a part
of the storage capacity is charged, integrated over the year.
The total operations and maintenance cost for the plant in a year y during the

operational lifetime is expressed as follows:

D. Leveiized Required Revenue Analysis

The levelized annual reguired revenue is the constant annﬁa} revenue
required over the lifetime of a plant to compensate for its fixed and variable
costs, pay interest to bondholders, and provide return to shareholders. The
estimated revenue can be factored into two components: that due to fixed
costs and to variable costs. The derivation of the levelized required

revenue and its components will now be shown.
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Leveiized Required Revenue

Nomenclature

R: Annual levelized revenue required for a plant to compensate for its
fixed and variable costs, pay interest to bondholders, and provide

return to shareholders (AMVAL(6))
A, : Property insurance and taxes on the unit in year y (XINS)
0,: Operations and maintenance costs for year y
D,: Depreciation charge for the unit in year y (D)
B.,: Interest paid to bondholders on the unit in year y
S.,: Return to shareholders on the unit in year y

T.: Income taxes on the unit's profits in year y, including federal,

state, and local income taxes
P : Principal outstanding on the unit at the end of year y
r.: Rate of return to shareholders (RSTK)
ry: Rate of return on bonds (RDBT)
f.: Fraction of capitalization financed by shareholders (FRSTK)
fb: Fraction of capitalization financed by debt (FRDBT)

t: Composite income tax rate on corporate profits including federal,

state, and local income taxes (TAXR)
a: Property insurance and tax rate (CTIN)

N: Planned life of the unit (N}

21



d,: Fraction of capital investment depreciated in year y (see

discussion below)

I : Total capital investment in the unit at the start of commercial

operation
FC: Levelized required fixed cost revenue
VC: Levelized required variable cost revenue

Using this nomenclature, the computation of annual levelized revenue require-
ments can be analyzed as follows. The principal outstanding at the start of
commercial operation is ID. The principal outstanding at the end of year y

is given by

P = + + + + + -
(1) y = Ply-1 T A H O FB S+ Ty R

The annual levelized revenue requirement is chosen so that the principal
outstanding after the last year of commercial operation is zero.
The interest on debt and return to shareholders on the unit for year y

are given by
(2) By = rbbe{y_l)

(3) S = r‘sfSP(y_l)

Income tax on the unit's net revenue for the year y is given by

(4) Ty = t[R - Ay - Oy - Dy - By]

22



Depreciation, and property insurance and taxes on the unit for year y

are expressed as

(5) Dy = qylo
(6) Ay = al,

Depreciation schedules are discussed below.
Using equations (1) through (6}, a recursive equation for the principal

ocutstanding may be written as follows:

(7) Py = (LxP(y gy + (1-t) al, + (1-t)0, - td I, - (1-t)R
where

(8) Po = I0

(9) x = fo+ (1-thrpfy

Equation (7) can be solved recursively for PN, tne principal outstanding at
the end of the plant's life, which must be zero for the utility to remain
solvent. Setting PN to zero and solving for R, gives the levelized annual

revenue required.

o Z - llt 131; YL y
(10) R = y=1 (1+X)y y=1 (1+X)‘y y=1 (1+X)‘y
N
)OI

23



For a given set of economic assumptions the first term in this expres-
sion called the levelized fixed cost, is a constant fraction of the total

plant investment:

N N d
1 1 t
a + -
E (1ex)Y 1t 1ot y=1 (1+x)Y
FC = I, x N
2
y=1 (1+x)Y

The fraction is referred to as the fixed charge rate and is comprised of

the following:

= (1+x)Y
4{‘ 1 Insurance and
Z 1 property tax
y:]_ (1+X)y
1
It Before-tax revenue required
i 1 for the total plant investment
y:l (1+X)y
N 4
t Y
It ;1 (1+x)Y
N 4 Income tax savings due to
E 1 depreciation
y:l (1+x)y
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Depreciation

The annual depreciation charge can be calculated using any of four
alternate schedules: straight line, sinking fund, sum-of-the-year digits, and
double declining balance. The model assumes the double declining balance
method as default. '

For straight line depreciation, the annual rate is constant over the

Tifetime:

For the sinking fund rate, the annual charge for depreciation plus the return
on the undepreciated investment is chosen to be a constant value, such that

the plant will be fully depreciated at the end of iife.

i - X(1+x)Y-!
B N
Y naaNa

The sum-of-the-year digits depreciation rate is an accelerated deprecia-
tion schedule. The investment is depreciated more rapidly in the first

years of service.

T = 2(N-y+1)
dy ~ "N(N+I)
The double declining balance depreciation rate is als¢ an accelerated depre-

ciate schedule.

(-2t 2 fory <

=

for y > %

=)=
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Leveli;ed Busbar Energy Cost

Nomenclature

HR: Annual net energy generated from the unit (PHR)
BBEC: Levelized busbar energy cost (BBEC)

The levelized busbar energy cost for the plant is cost per unit output
which must be charged over the plant lifetime to compensate for all fixed and
variable costs, pay interest to bondholders, and provide return to share-

holders. It is calculated as follows:

R

26



SUBPROGRAM DESCRIPTION

Note: A microfiche copy of the program can be found at the end of this

document.

A. Main Program ECON

The main program reads the subject plant performance information, sizes,
and storage utilization information. The economic parameters (FRSTk, FRDBT,
RSTK, RDBT, TAXR, YIC) and capital cost escalation rates (CESC, CYRESC, YEAR)
are defined. Based on this data, the effective cost of money (ECOM} is
calculated, and the busbar energy cost is calculated with a call to subroutine

BUCKS.

B. Subroutine BUCKS

The subroutine BUCKS contains the required input cost information for
reference plant capital investment, and operations and maintenance. The
subroutine allows the specification of capital cost information for up to
three alternate designs of the power plant subsystems. The capital cost for
each design can be specified in terms of up to 60 cost items. Thése con-
straints result from FORTRAN variable dimensions and‘would require little
program modification to alter. The arrays BCOST and XOCOST contain the cost
estimates, and BSIZE contains the reference plant subsystem sizes. Baéed on a
user defined indicator variable, ISUBTYP, the appropriate reference plant cost
information is selected, and stored in the array COSTS. Any user defined
variations on these estimates for sensitivity analyses are made at this time.
Through the use of the arrays INUMB, VALUE and FACT, the user can analyze the
busbar energy cost of the unit assuming variations from the defined reference
plant cost information. To look at the sensitivity’of a particular cost, the

cost item is located in the array COSTS (see Tables B-1 and B-2). This position
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is then specified in an element of the array INUMB. The user can vary the
reference plant cost by two methods:

1) An alternate value of the reference plant cost can be specified in
thevelement of the array VALUE corresponding to the element of array
INUMB used.

2) A multiplier to be applied to the base cost estimate can be specified
in the element of the array FACT, corresponding to the element of the
array INUMB used.

The arrays INUMB, VALUE, and FACT are dimensioned to accept a maximum of
fifteen cost variations. The desired cost variations should be defined in the
first elements of the arrays and the remaining elements set to zero.

The required operations and maintenance cost information includes cost

estimates, frequency estimates, and indicator variables to define the arrays
XONM, FREQ, ISIZE. The plant busbar energy cost is calculated with a call to

subroutine DOLLAR,

C. Subroutine PRINTER

The subject plant sizes, and assumed economic parameter values are

printed out by this routine.

D. Subroutine PRINT3

This routine prints out the components of levelized annual cost (AMVAL)
and levelized bushar energy cost (BBEC). The components are discussed in the

output description,

E. Subroutine SOLCAP

This routine calculates in base year dollars the capital investment cost
for the total plant and by subsystems. The costs are assumed to scale line-
arly. Each item in array COSTS is scaled to the subject plant size and

stored in CCOSTS. Tables 3 and 4 explain the linear scaling model for
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each cost item. Shown in these tables are the locations in the arrays COSTS
and CCOSTS which contain the cost estimates, and the FORTRAN variables used
for scaling; i.e., the ratio of subject>to reference plant parameters. Further

definition of the elements of CUSTS and CCOSTS are in Tables B-1 and B-2.

F. Subroutine DOLLAR

This subroutine first calculates all components in the total cost of

the unit at the year of commercial operation. The escalated cost of the unit
is ca]cu]ated by subroutines SOLCAP, SOLESC, and EDC. Interest during con-
struction is calculated by subroutines IDC and IES, depreciation is calculated
by subroutine DEPREC, and insurance and property tax are calculated by sﬁb-
routine INSU, These costs are discounted to the present va]de é% the st&rt of
commercial operation by subroutine PRESVAL. The present values are levelized
over the plant lifetime by subroutine AMORT. The levelized operations and
maintenance costs are calculated by subroutine OPEX. The sum of these level-
ized costs is the constant annual revenue required to pay all costs associated
with the unit. This cost is normalized to the estimated annual generation

(i.e., busbar energy cost} by subroutine CCAL.

G. Subroutine SOLESC

This routine escalates the capital investment cost to the start of

construction.

H. Subroutine EDC

This routine calculates the additional cost due to escalation during

construction.

I. Subroutine IDC

This routine calculates interest during construction based on constant

dollars.
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Cost Item

Table 3
Solar Related Costs

Ratio of Subject

Collector field

Receiver units

Recejver feed and
return piping

Towers and foundation

Receiver/Tower Design

Feed pumps

Thermal storage
Tank equipment
Foundations
Media
Instrumentation

Thermal storage
Piping from
receiver
Charging heat
exchanger

Thermal storage
Piping to turbine
Discharging heat
exchangers

Thermal storage
‘media piping

Thermal storage
design

Master control

30

Location in to Reference
ARRAYS COSTS Plant Parameter;
& CCOSTS Scaling Parameter FORTRAN VARIABLES
12-2¢ Square meters of reflec- SGM/SQMTR
tive surface
23 MW{t) peak capacity SMWTH/RECMW
24 MW(t) peak receiver SMWTH/RECMW
capacity
26-27 (Tower height)2 3 SOM/SQMTR

square meters of
reflective surface

25 Fixed cost
45 MW(t} peak receiver -~ SMWTH/RECMW
capacity
MW(t)-hr storage capacity SMWHR/ TSSMW
29
38
40
37
MW(t) charging rate CHGRT/CHGEMW
32
36
MW(t) discharging rate DCHGRT/DCHGEMN
33
35
MW(t) charge plus discharge {CHGRT+DCHGRT)
30 rates {CHGEMW+DCHGEMW)
39 Fixed cost
48 Fixed cost



Table 4
Other Plant Costs

Location in
ARRAYS COSTS

Cost Item & CCOSTS Scaling Parameter

Site preparation 1 Square meters of reflec-
tive surface

Turbine building 2 MWe gross peak output

Other buildings 3-8,10 Fixed costs

Turbine plant 41-44,46 MWe gross peak output

equipment

Electrical plant 47 MWe gross peak output

equipment

Maintenance & 49 Direct cost

handling equipment

Miscellaneous plant 50 Fixed cost

equipment

Transmission plant 51 MWe gross peak output
equipment

Distributables 52 Nonsolar related costs
Spare parts 53 Plant direct cost
Architectural 54 Nonsolar related costs

engineer services

Construction manager 55 Fixed cost
Solar integrator & 56-58 Fixed cost
Design

Plant startup and 59 Fixed cost
checkout

*Indicates ratios of sums of costs; i.e.,

10 51
CCOSTS(i) + D, CCOSTS(i
CCoSTS(1-10,41-51) & ) 1.;41 o)
COSTS(1-10,41-51) =
51
E COSTS(1) + 2 COSTS(1)
i=1 i=41

Ratio of Subject
to Reference

Plant. Parameter;

FORTRAN VYARIABLES

SQM/SQMTR

PMX/PKMWE

PMX/PKMKE

PMX/PKMWE

CCOSTS(12-47)*
COSTS(12-47)

PMX/PKMWE

CCOSTS{1-10,41-51)*
COSTS(1-10,41-51)

CCOSTS(12-47)*
CoSTS(12-47)

CCOSTS(1-10,41-51)*
COSTS{1-10,41-51)
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J. Subroutine IES

This routine calculates the additional cost due to interest on the

escalation during construction.

K. Subroutine DEPREC

~ This routine calculates the annual depreciation charge for a capital
investment by any of four methods. The variable, ID, which is initialized in

subroutine BUCKS, determines which method should be used.

L. Subroutine OPEX

This routine calculates the annual operations and maintenance costs over
the plant lifetime. For all but the thermal storage media replacement cost,
the cost estimate in dollars per unit (XONM) is scaled by the specified size
parameter (ISIZE). Based on the frequency over the plant lifetime (FREQ) and
the escalation rate (ES) the total plant operation and maintenance costs are
calculated. The escalated thermal storage media replacement costs are cal-
culated and added in. The present value of the operations and maintenance
costs is calculated by subroutine BISC, and then levelized by subroutine

AMORT .

M. Subroutine INSU

This subroutine calculates insurance and property tax.

N.. Subroutine PRESVAL

This subroutine calculates the present value of the capital-investment-
associated costs: the before-tax revenue required for the capital cost and
the income tax effect due to depreciation. The subroutine DISC is used to

calculate the present value.
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0. Subroutine AMORT

Given a present value, this routine calculates the equal annual amount
over the plant lifetime which has equivalent present value for the assumed
effective cost of money., That is, it levelizes the present value in equal

annual amounts over the plant lifetime.

P. Subroutine CCAL

This routine calculates the cost per unit of electrical energy generated

(i.e., the busbar energy cost).

0. Subroutine DISC

This routine calculates the present value of a stream of cash flows.
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INPUT AND OUTPUT

The data required for BUCKS is of two types: plant performance and
size information, and cost and economic data. The subject plant performance
and size information is read by the main program ECON from the input file,
TAPE7. The variables are read in as follows:

READ(7,7) PHR,SQM,SMWTH,PMX,SOLOAD ,CHGRT ,DCHGRT , SMWHR , IYHR , XMWH2

7 FORMAT(2(4F20.2,/),15,F20.2)

and are defined as follows:

PHR Annual net electrical generétion from the plant (MWg-hr)
SQM Collector field reflective surface area (square meters)
SMWTH Receiver peak input capacity (MWi)

PMX Peak gross electrical capacity of the plant {(MuWp)

SCLOAD Annual electrical energy required by the plant from the

utility network (MiWg-hr)

CHGRT Thermal storage peak charging rate (MW¢)

DCHGRY Thermal storage peak discharge rate (MWg)

SMWHR Thermal storage capacity (MWg-hr)

IYHR Number of hours in the year

XMWH2 Number of hours in the year that each MWi¢-hr of storage capa-

city is charged (MW¢-hr-hr)

The cost and economic information are provided by FORTRAN data state-
ments. In the main program ECON, the following data is defined. The number
after the variable is the dimension:

CESC(10) - Capital cost escalation rates of each of ten time periods,

expressed as a percent.
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CYRESC(11)

TAXR
YIC
FRSTK
FRDBT
RSTK
RDBT

ISUBTYP(5)

YEAR

INUMB(15)
VALUE(15)
FACT(15)

The subroutine

ID

Years which delineate time periods during which the capital

cost escalation rates apply; CYRESC(1l) is the base year of

the cost estimates; CESC{I) is the rate which applies for

years greater than CYRESC(I), yet less than or equal to
CYRESC{I+1)

Composite income tax rate

Number of years required for construction of the plant

Fraction of capitalization from stock

Fraction of capitalization from debt

Rate of return on stock

Interest rate on debt

Integer indicator for which of three alternate designs for each of
five subsystems is being evaluated: coliector, receiver,

thermal storage, master control, and electric power generating
system (i.e., indicates which cost estimates in BCOST and sizes

in BSIZE to be used i