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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 calculates power production costs for a single solar thermal central 

receiver power plant. An extended version of BUCKS which is being developed 

will include the impact 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 Thermal 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 (O&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 escalated O&M costs are the total O&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 

level such as capital investment, depreciation income tax allowance, and 

insurance and property tax. Both the total fixed and O&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. 

The steps involved in this calculation are as follows: 

1) the required reference plant and subject plant information is supplied 

to the model 

2) 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 

money during construction 

4) the levelized annual fixed cost revenue is calculated including all 

• fixed annua 1 expenses 

b) the annual operations and maintenance costs are scaled appropriately 

and escalated to the year when the expenses are incurred 

6) 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) 

7) the levelized busbar energy cost for the plant is calculated as the 

sum of the levelized fixed and variable costs divided by the net annual 

generation from the plant; it does not include 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 variable shown 

in parentheses after the definition. 

A. Capital Investment Cost Scaling 

Nomenclature 

COSTS(i): Input reference plant capital investment cost for item 

(COSTS(i)) 

CCOSTS(i): Cost of item i scaled to the subject plant size (CCOSTS(i)) 

CONT: Contingency allowance for the subject plant (COSTS(60)) 

FRCON: Fraction of total plant cost estimated as contingency 

In the analysis of solar plant designs it is often desirable 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 appropriate scaling 

parameter for each cost. 

CCOSTS(i) = subject plant parameter value 
reference plant parameter value x COSTS(i) 

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 

Co 11 ector 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 

(Tower heightl
2 = square meters of 

reflective surface 

Fixed cost 

MW(t) peak receiver capacity 

MW(t)-hr storage capacity 

MW(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 suosystem 

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 I CCOSTS(i) 
i 

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

costs: 

CI = I 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 
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Capital Cost Escalation 

Nomenclature 

CI: Capital investment in base year dollars (Cl} 

ESC!: Capital investment escalated to the start of plant construction (ESC!} 

EDC: Additional cost due to escalation during construction (EDC} 

ey: 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; ~ci = ESC! 

ti: Years after start of construction to ith payout 

fvl: Number of payout periods 

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

broken into two components: escalation to the start of construction, ESC!, 

and escalation during construction, EDC. The escalation to the start of 

construction is calculated as: 
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YTC 
ESC! = CI ll · (l+ey} 

y 

The cost of escalation during construction can be expressed as 

M 
EDC = ~ ci 

i=l 

M 

~ Ci 
i=l 



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 oe 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 

1 ength, thus 

[ 

100 

EDC = ESCI 160 ~ 

To investigate alternate payout distributions with BUCKS will require modi-

fications of the calculation of escalation and cost of money during construe-

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 ( IDC) 

IES: Interest on escalation during construction (IES) 

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

use of money (ECOM) 

VIC: Number of years in the construction period (VIC) 

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 interest: 

M 

IDC = L 
i=1 

c. 
. 1 

4(YIC-t.) 
(l+x/4) 1 

M 

L ci 
i=l 

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

nominal 100 payout periods of equal length: 

[ 

100 

IDC = ESC! r5o ~ 4(YIC-t;) ] 
( 1 +x/4} - 1 

The interest on escalation during construction is calculated as the 

difference 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: 
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100 
IES - ESC! ""' -IOU ~ 

i=1 

100 
ti 4(YIC-t.) ""' 

( 1 +ey ( i) ) ( 1 + x/ 4 ) 1 
- ~ 

i=1 

t·] (1+ey(i)) 1 
- IDC 
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c. Operations and Maintenance Cost During Plant Lifetime 

Nomenclature 

X~IEU: 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) 

XfviWH2: Number of megawatt-hours of storage which is filled each hour, 

integrated over the year (XMWH2) 

IYHR: Number of hours in a year (IYHR) 

SMWTH: Thermal storage subsystem maximum thermal capacity (SMWTH) 

F0M: 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 oe used (indicated by !SIZE), and 

the frequency of the operations and maintenance task (that is the number of 

times in the plant lifetime) (FREW) are supplied as input to the model. Based 

on this input and the subject plant subsystem sizes, the cost in base year 
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dollars for operations and maintenance in each year of the plant life is 

calculated. All 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 IYHR 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: 

U = (1 + ES)(YTC +VIC) (1 + ES)(y- YEAR) (F + XMED) 
y OM 

D. Levelized Required Revenue Analysis 

The levelized annual required revenue is the constant annual 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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Levelized 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)) 

AY: Property insurance and taxes on the unit in year y (XINS) 

OY: Operations and maintenance costs for year y 

DY: Depreciation charge for the unit in year y (D) 

BY: Interest paid to bondholders on the unit in year y 

SY: Return to shareholders on the unit in year y 

TY: Income taxes on the unit's profits in year y, including federal, 

state, and 1 oca·l income taxes 

t: 

a: 

N: 

Principal outstanding on the unit at the end of year y 

Rate of return to shareholders (RSTK) 

Rate of return on bonds (RDBT) 

Fraction of capitalization financed by shareholders (FRSTK) 

Fraction of capitalization financed by debt (FRDBT) 

Composite income tax rate on corporate profits including federal, 

state, and local income taxes (TAXR) 

Property insurance and tax rate (CTIN) 

Planned life of the unit (N) 
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dy: Fraction of capital investment depreciated in year y (see 

discussion below) 

1
0

: 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 1
0

• The principal outstanding at the end of year y 

is given by 

( 1) P = P( 1l + A + 0 + B + S + T - R y y- y y y y y 

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) 

(3) 

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

( 4) 
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Depreciation, and property insurance and taxes on the unit for year y 

are expressed as 

(5) 

(6) 

Depreciation schedules are discussed below. 

Using equations (1) through (6), a recursive equation for the principal 

outstanding may be written as follows: 

(7) 

where 

(H) 

( 9) 

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. 

( 10) 
lola yL=N1 (1:x)Y + l~t- l~t ± dy Yl + ± 

R = - y= 1 ( 1 +x) y= 1 
----~~----------7-N~~~----~----------

L -=--1-
y=l (l+x)Y 
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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: 

FC = I
0 

x 

N 
1 + 1 t ~ 

(1+x)Y 1-t - 1-t ~ 
y=1 

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

the fell owing: 
N 

a L ---=-1-
y=1 (1+x)Y 
N 

L 1 y 
y=1 (1+x) 

N 

1 
1-t 

L ---=-1-
y=1 (1+x)Y 

N 

~L 
y=1 

N 

L y=1 (1+x)Y 
1 

Insurance and 
property tax 

Before-tax revenue required 
for the total plant investment 

Income tax savings due to 
depreciation 

The second term in the levelized required revenue is the levelized variable cost: 
N ox L 

x=1 (1+x)Y 
vc = N 

L 1 
y=1 (l+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 

lifetime: 

d = l y N 

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 life. 

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. 

. d _ 2(N-y+1) 
y - N(N+1) 

The double declining balance depreciation rate is also an accelerated depre

ciate schedule. 

(1-2/N)Y-1 2 for y ~ ~ N 
dy = 

1 for y > ~ N 
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Levelized 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: 
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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, VIC) 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 it~s. These con

straints result from FORTRAN variable aimensions 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. Based 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 !NUMB, 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 !NUMB. The user can vary the 

reference plant cost by two methods: 

1) An alternate value of the reference plant cost can be specified in 

the element of the array VALUE corresponding to the element of array 

!NUMB 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 !NUMB used. 

The arrays !NUMB, 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, !SIZE. 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 busbar 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 COSTS 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 calculated by subroutines SOLCAP, SOLESC, and EDC. Interest during con

struction is calculated~ subroutines IDC and IES, depreciation is calculated 

by subroutine DEPREC, and insurance and property tax are calculated by sub

routine INSU. These costs are discounted to the present value at the start 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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Table 3 
Solar Related Costs 

Ratio of Subject 
Location in to Reference 
ARRAYS COSTS Plant Parameter; 

Cost Item & CCOSTS Scaling Parameter FORTRAN VARIABLES 

Co 11 ector field 12-2~ Square meters of reflec- SQM/SQMTR 
tive surface 

Receiver units 23 MW{ t) peak. capacity SMWTH/RECMW 

Receiver feed and 24 MW{t) peak. receiver SMWTH/RECMW 
return piping capacity 

Towers and foundation 26-27 {Tower height)2 ~ SQM/SQMTR 
square meters of 
reflective surface 

Receiver/Tower Design 25 Fixed cost 

Feed pumps 45 MW(t) peak. receiver SMWTH/RECMW 
capacity 

Thermal storage MW(t)-hr storage capacity SIVIWHR/TSSMW 
Tank. equipment 29 
Foundations 38 
Media 40 
Instrumentation 37 

Thermal storage MW{t) charging rate CHGRT/CHGEMW 
Piping from 32 
receiver 
Charging heat 36 
exchanger 

Thermal storage MW(t) discharging rate DCHGRT/DCHGEMW 
Piping to turbine 33 
Discharging heat 3b 
exchangers 

Thermal storage MW(t) charge plus discharge {CHGRT+DCHGRT) 
·media piping 30 rates (CHGEMW+DCHGEMW) 

Thermal storage 39 Fixed cost 
design 

l'laster control 48 Fixed cost 
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Table 4 
Other Plant Costs 

Location in 
ARRAYS COSTS 

Cost Item & CCOSTS 

Site preparation 1 

Turbine building 2 

Other buildings 3-8,10 

Turbine plant 41-44,46 
equipment 

Electrical plant 47 
equipment 

Maintenance & 49 
handling equipment 

Miscellaneous plant 50 
equipment 

Transmission plant 51 
equipment 

Distributables 52 

Spare parts 53 

Architectural 54 
engineer services 

Construction manager 55 

Solar integrator & 56-58 
Design 

Plant startup and 59 
checkout 

Ratio of Subject 
to Reference 

Plant Parameter; 
Scaling Parameter FORTRAN VARIABLES 

Square meters of reflec- SQM/SQMTR 
tive surface 

MWe gross peak output PMX/PKMWE 

Fixed costs 

MWe gross peak output 

MWe gross peak output 

Direct cost 

Fixed cost 

MWe gross peak output 

Nonsolar related costs 

Plant direct cost 

Nonsolar related costs 

Fixed cost 

Fixed cost 

Fixed cost 

PMX/PKMWE 

PMX/PKMWE 

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

PMX/PKMWE 

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

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

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

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

10 51 

CCOST$(1-10 241-51) 
L CCOSTS( i) + L CCOSTS(i) 

COST$(1-10,41-51) = i=1 i=41 
10 

L 51 
COSTS( i) + L COSTS(i) 

i=1 i=41 
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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 (!SIZE). 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 DISC, 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 ousbar energy cost). 

w. 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,S~M,SMWTH,PMX,SOLOAD,CHGRT,DCHGRT,SMWHR,IYHR,XMWH2 

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

and are defined as follows: 

PHR 

SQM 

SMWTH 

PMX 

SOLOAD 

CHGRT 

DCHGRT 

SMWHR 

IYHR 

XMWH2 

Annual net electrical generation from the plant (MWe-hr) 

Collector field reflective surface area (square meters) 

Receiver peak input capacity (MWt) 

Peak gross electrical capacity of the plant (MWel 

Annual electrical energy required by the plant from the 

utility network (MWe-hr) 

Thermal storage peak charging rate (MWtl 

Thermal storage peak discharge rate (MWtl 

Thermal storage capacity (MWt-hr) 

Number of hours in the year 

Number of hours in the year that each MWt-hr of storage capa

city is charged (MWt-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(lO) 
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- Capital cost escalation rates of each .of ten time periods, 

expressed as a percent. 



CYRESC(ll) -Years which delineate time periods during which the capital 

cost escalation rates apply; CYRESC(1) 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+l) 

TAXR - Composite income tax rate 

YIC - Number of years required for construction of the plant 

FRSTK - Fraction of capitalization from stock 

FRDBT -Fraction of capitalization from debt 

RSTK - Rate of return on stock 

RDBT - Interest rate on debt 

ISUBTYP(5) - Integer indicator for which of three alternate designs for each of 

five subsystems is being evaluated: collector, 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 in the analysis) 

YEAR - Year in which the plant starts commercial operation 

INU~1B(15) 

VALUE(15) 

FACT(15) 

Data required for variations of the maximum of 15 reference plant 

cost estimates for sensitivity analyses; !NUMB gives the location in 

the array COSTS (see Tables B-1 and B-2), VALUE gives the new value 

to be assumed, and/or FACT gives the multiplier to be applied 

to the old value (see the description of Subroutine BUCKS). 

The subroutine BUCKS contains the following data: 

ID Integer indicating which depreciation schedule is to be 

assumed 
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BSIZE(3,6) Base sizes associated with the base cost estimates for each of 

three designs for 6 subsystems: collector size, storage 

capacity, charge rate, discharge rate, gross electrical output, 

receiver capacity 

BCOST(3,33) - Base cost estimates for each of three designs for each of 

33 solar related cost items which are listed in Table B-1. Also 

shown in Table B-1 is the location of the item in the matrix 

COSTS which is required for parameter sensitivity analyses 

using INUMB, VALUE, & FACT 

XOCOST(3,27) - Reference plant cost estimates for each of three designs for 

each of 27 nonsolar related cost items which are listed in 

Table B-2. Also shown in this table is the location of the 

item in the matrix COSTS which is required for parameter 

sensitivity analyses using !NUMB, VALUE, & FACT 

FREQ(7) 

XONM(7) 

ISIZE(7) 

Frequency (number of occurrences in the plant lifetime) for 

a maximum of seven operations and maintenance tasks 

- Cost per unit for each of seven operations and maintenance 

tasks in base year dollars 

Integer indicating for which size parameter to use in scaling 

each of seven operations and maintenance tasks: 1 - collector 

size, 2 - storage capacity, 3 - charge rate, 4 - discharge 

rate, 5 - gross turbine capacity, 6 - receiver capacity, 7 -

fixed cost per plant 

N 

The subroutine DOLLAR contains the following data: 

- Estimated plant lifetime 
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The subroutine SOLCAP contains the following data: 

FRCON - Fraction of plant cost estimated for contingency 

The subroutine INSU contains the following data: 

CTIN - Insurance an<1 property tax as a fraction of capital invest-

ment 

The subroutine OPEX contains the following data: 

ES 

DGRADE(3) 

- Operations and maintenance cost escalation rate 

-Maximum thermal storage media replacement fraction assuming the 

storage unit is charged the entire year; values for each of 

three designs 

The program output format is shown in Figure 3. The first section 

describes which alternate design of each subsystem was analyzed. The second 

section shows the subsystem sizes, the plant performance estimates, and the 

economic assumptions. The third section shows a breakdown of plant capital 

cost in base year dollars. The last section shows busbar energy cost data for 

the total plant and for each subsystem. 

Line 1: 

Line 2-8: 

Name of plant type and/or subsystem 

Capital investment at year of commercial operation in that 

year dollars (XINV) 

Capital investment including cost for use of money during 

construction in base year dollars (CITOT) 

The following two costs are shown for each line: 

AMVAL- Levelized annual charge (dollars per MWe gross turbine 

capacity) 
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BBEC - Levelized busbar energy cost (mills/KWe-hr) 

The components of total busbar energy cost shown in the output 

are: 

INVEST TAX - Before-tax cost for capital investment (AMVAL(l) and 

BBEC(l)) 

DEPT AX 

INS 

FIX-OM 

VARO-M 

TOTAL 

- Credit due to the depreciation-tax effect 

(AMVAL(2) and BBEC(2)) 

- Property tax and insurance AMVAL(3) and BBEC(3)) 

- Fixed operations and maintenance costs (AMVAL(4) and 

BBEC(4)) 

- Variable operations and maintenance costs (AMVAL(5) 

and BBEC(5)) 

- Total busbar energy cost (AMVAL(6) and BBEC(6)) 



-. 

COLLFCTOR 
REr.E!V[R 
THF.~fiAL ST 
tjCS 
F.Pr.S-HUP 
PLANT SIZeS 

TEST 
TEST 
TEST 
TEST 
TF.ST 

,10DOOOE•o7 SQ METERS OF MIRRORS 
;35DOOQE+03 MW(T) CHARGE RATE 

,250000E+04 HWH~ OF STORAGE ,650000E+03 MWT~ ro~ RECEIVER 
,250000E+03 MW(Tl DISCHARGE R4TE 100,000 HWE GROSS PEAK UUTPU 

PLANT PERFORMANCE 
SOLAR GE'lERAT!ON 

SCONOM!G ASSUMPTIONS 
,4oooooE•06 

YEAR OF FIRST COMMERCIAL OPERATION 
OEPREGIAT!ON METHoD DO HALANCE 
EFFECTIVE COST OF MQNEY ,075 

LAND/SITE ,227273E+o7 
RUILniNGS 1 265909E+07 
COCLECTOR ,195341E+o9 

ANNUAL STORED ENtRGY 

1977, 

REC:E I VEH , 639375E+Oa - -- -------··---------···---·-
TOWeR ,335227E+08 
THERMAL STORAGE o474861E+Q8-

CAPAC!Ty 1 284375E+08 
CHARGE/DISCHARGE ,1704865+08 
DESIGN ,2DOOOoE•07 

FEED PUMPS ,101563E+D7 
MASTER CONTROL ,20000DE+07 
EPGS ,22D909E+08 
OTHER EQUIP ,357165E+07 
DISTRIB/IND!RECTS o20133QE+OB---
CONT!NGENCV ,59t047E+OB 
TOTAL PLANT ,453136E+09 
XMED ,56250QE+07 

TOTAL PLANT 
$ 5586022 t 11 

INVEST• TAX $ 
DEPT AX $ 

INS . ____ $ 

FIX o~M $ 

VAR O•fl $ 

TOTAL $ 

COLLECTOR 

' 2408060,70 

!NVEST•TAX $ 
DEF'TAX I 

$ 

INS $ 
FIX O•M $ 

VAR O•M $ 
TOTAL $ 

RECEIVER 
$ 788188 .u 

!NVEShTAX s 
DEPTAX $ 

INS ~ 

Fl X O•M $ 

VAR O•M $ 
TOTAL $ 

-------··-----···----····-- ---

PER GROSS MloiE INSTAUED- 5 5586022,11--f!ER- !iROSS MloiE,BASE YEARS 
A>lvAL BBEC 

,9459516+06 1 236488E~D3 MILLS 
,22927tE+o6 1 573t7BE+02 MILLS 
, 2513716• 0 5 ------ , 62.84275"0 1 . .M IL..LS-·--- ----·- -· 
,538845E+O~ 1 t34711E+02 MILLS 

O, 0, MlL.i..S-
,79570tE+o6 ;t96925E+03 MILLS 

PER GROSS MOlE INSTALLED-- :ti----2.t08061l,lJLlO'£lLGRQSS.HWE,BASE. ¥EJ.RS 
AMvAL BBEC 

,4017876•06 ,101947E•03 MILLS 
,98B358E+05 124709QE+02 MILLS 
,10d363E•05 ,270907E*01 MILLS .. 
,171491E+O~ ;428727E+D1 ~I~LS 

0, _ ·---- -----ll;---- --- ____ 2ULI..S. ___ _ 
,3369365+06 ,84234tE•02 ~I~L.S 

PeR GROSS MWE INSTAL~EO 78818Btll-PER GROSS MWEtBASE YEARS 
BBEC A~VAL 

,13:l474E*06. .. 
,32J502E+05 
,354685E•04 
,557345E•04 

o, 
,110244E•o6 

_ . ___ ·-• 33368~E:tD Ltl1LJ..5____ ______ _ 
;so8755E~o1 MILLS 
;aBo712E~oO MILLS 
,139336E•D1 MILLS 

o; MILLS---
1275610E•02 MI~LS 

Figure 3 

Program Output 
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TO\oiER 
s 41325o,67 

INVESTooTAX $ 
OEPTAX $ 
INS $. 
f"IX O•M $ 

' VAR o~M 'li 
TOTAL !i 

THEiRf1AL ST 
!li 585363o98 

INVEShTAX $ 
OEPTAX $ 
INS $ 
f"IX O•M $ 
VAR o~M $ 
TOTAL $ 

f"EED PUMPS 
S 12!i20o09 

INVEST-TAX •. 5 
DEF'TAX !i 
INS !i 
F'l~ O•H $ 
VAR O"M $ 
TOTAL !i 

MASTER CTI, 
s 24654,96 

IIIIVESToTAX ! 
OEPTAX :li 
INS 5 
r1x O•M i 
VAR O~M.. $ 
TOTAL $ 

ALL OTHERS 
s .135H6J,60 

INVEST.TAX $ 
OEPTAX $ 
INS $ 
r! X O•M $ 

VAR O~tH $ 
TOTAL $ 

40 

PER GROSS MioiE INSTALLEO- -S- 413250,!>7 PER GROSS MWE,aASE: YEARi 
A'fVAL BBEC 

,699B09E+05 ,174952E+02 
,169614E+05 1 424034E+01 
,185963E•04-. --·-- --,.464901!:.,00 

0. 0. 
0, 0, 

,54d792E+05 ,t3719BE+02 

~ILLS 
MILLS 
.MILLS .. 
~ ll.L S 
Mlt.LS 
·~ l LLS 

PE~. GROSS MWE.lNSULL.ED . S .. 5B5383o91LP.EB. JiROSS.. MWE, BASE YEAR$ 
AMVAL BAEC 

,99130~E+05 ,247826E+02 
,240264E+05 ;6006~9E+01 
,26J423E+04 ,658557E+OO 
,131555E+05 ,328807E+01 

0, 
, 9oB937Eoo05 

. 0 •. -. 
o227234E•02 

MILLS 
~ILLS 
MILLS 
~ILLS 

"'ILLS 
MILLS 

PER UROSS MWE INSTALLED 12520,09 PER GROSS HWE 1 BASE. YEARS 
A"'VAL 

,21201BE .. o4 
,513B72E+D3 
,563404E•02 

0. 
0. 

,166265E+04 

BBEC 
,5300A6E~OO 
,12846AE+OO 
,140B51E~01 

0 • 
0! 

,4156b3E•OO 

,'11 LJ..S -
'fiLLS 
"'li.L.S 
'fiLLS 
~ILL.S 
MILLS 

PER GROSS MioiE~INST.I.LLEO s 24654 1 96 PER.GROSS MWE,BASE YEARS 
AM VAL. 

,h7513E•04 
,1ri1193E+04 
,110947E•03- .. 

0, 
0, 

,327415E+04 

BBEC 
.. ,t0437BE•01 

;252983E•00 
~2l7368E~01 

0' .o •....... -·· 
,818537E+OO 

,'1 ILLS 
MILLS 
'I I LI.S -· ___ ------- .. - _ 
MILLS 
"!ILLS 
,~ILLS 

eel'! .. GROSS MWE lt.iS!.ALLED. .. S ... l3539~J,/dLl'ER. .a.BOS.S....MtiE,BASE 
AMVAL BBEC 

,2292846+06 ,573209E+02 MIL~S 
,555717E+05 ;138929E+02 "'ILLS 
,6Q9284E~Q4_ . ,152321E~01 MILLS~ 
,t80065E+05 ,450163E+01 MILLS 

YEARS.. 

0., .. . ··-··----0.;.___ .. "'lt.J.::.._ __ ----------- ·- .... -·---~-· 
,l97811E+06 ,49452BE•D2 MILLS 



APPENDIX A 

Logical Unit Assignments and 
External Library Routines 

The plant performance and size information is read from the input file, 

defined as TAPE?. 

No external library routines are required. 
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APPENDIX B 

Sample Problem Input and Output 

The plant performance and size information used in the sample problem 

i s as fo 11 ows: 

flLHR 400,000. 

S(JI11 1,000,000. 

SMWTH 650. 

Pli'JX 100. 

SO LOAD 0. 

CHGRT 350. 

DCHGRT 250. 

SMWHR 2,500. 

IYHR H,760. 

XMWH2 5,000,000. 

The cost and economic information which is included in data statements 

and FORTRAN statements as described in the input description are initialized 

as shown oelow for the sample problem. Also shown is a corresponding mathe

matical variable if used in the methodology description. 

FORTRAN 
Variable 

CESC(lO) 

CYRESC(1) 

Jvlathemati ca 1 
Variable 

Sample Proolem 
Value 

(*)=o.o1 

(1 )=1!177. 

(2)=3000. 

(>2)=0. 2 

An asterisk indicates that all elements are defined alike. 

2A ">" symbol indicates that all remaining elements are defined alike. 
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FORTRAN Mathemati ca 1 Sample Problem 
Variable Variable Value 

TAXR t .50 

VIC VIC 5.5 

FRSTK fs .5 

FRDBT fb .5 

RSTK rs .11 

RDBT rb .08 

ISUBTYP(5} {*}=1 

YEAR 1977. 

INUMB(15} (*}=0 

FACT(15} (*)=0.0 

VALUE(15) (*}=0.0 

BSIZE(3,6) (1,1)=880,000.0 

(1,2)= 1600.0 

(1,3)= 240.0 

(1,4)= 300.0 

(1,5)= 110.0 

(1,6}= 640.0 

(>2,*)= 0.0 

BCOST(3,33} (See Table B-1) 

XOCOST(3,27) (See Table B-2) 

FREQ(7) (1) thru (5) = 30. 

(>5)= 0. 

XONM(7} (1)= 50,000. 

(2)= 50U. -

(3)= 50. 

(4}= 1. 

(5)=1,000,000. 



FORTRAN ~lathematical Sample Problem 
Variable Variable Value 

(>5)= u. 

ISIZE(l) (1)=7 

(2 )=6 

(3)=2 

(4)=1 

(5)=7 

(>5)=0 

N N 30 

CTIN a .004!:> 

ES ei .05 

DGRADE(3) R (1)=.5 

(>1)=U. 

The sample problem output is shown in Figure 3 and described in the 

input and output section. 
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TABLE B-1 

BCOST - Base Solar-Related Cost Estimates 

Sample 
Problem 

BCOST Second COSTS Array Value 
Dimension Position Cost Item Position (X103) 

1 Thermal Storage Shed 9 0.0 

2 Thermal Storage Media Only 11 3600. 
with Storage Requirements 

3 Heliostat Reflective Unit 12 70000. 

4 Drive Unit 13 60000. 

5 Sensor/Calibration 14 1000. 

6 Field Control 15 20000. 

7 (Blank -Array 16 0. 
Position Unused) 

Cl Foundation & Site 17 7500. 

9 Design-Engineering 18 2000. 

10 (Blank) 19 o. 

11 Packing & Shipping 20 900. 

12 Assembly & 21 9500. 
Installation 

13 Lightning Protection 22 1000. 

14 Receiver Unit 23 50000. 

l!:i Receiver Feed and Return 24 10000. 
Piping 

16 Design-Receiver, Piping, Tower 25 3000. 

17 Tower & Plat form 26 20000. 

ll:l Tower Foundation & Site 27 9500. 

19 (Blank) 28 o. 

46 



Sample 
Problem 

BCOST Second COSTS Array Value 
Dimension Position Cost Item Position (X103) 

' . 
2U Thermal Storage Tank 2Y 1UOOO. 

Equipment 

21 Circulation Equipment 30 5500. 

22 (Blank) 31 0. 

23 Piping from Receiver 32 300. 

24 Piping to Turbine 33 bUO. 

2b (81 ank) 34 0. 

26 Discharging 35 !:iUOO. 
Equipment 

27 Charging 36 4000. 
Equipment 

2B Instrumentation & 37 500. 
Control 

29 Foundation & Site 3B 7UU. 

30 Design 3Y 2000. 

31 Storage Material 40 7000. 

32 Receiver Feed Pumps 45 1000. 

33 IVIaster Control Equipment 48 ;woo. 

'. 
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XOCOST Second 
Dimension Position 

48 

1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

TABLE B-2 

XOCOST - Base NonSolar Related 

COSTS Array 
Cost Item Position 

Land & Yard Work 1 

Turbine Bui 1 ding 2 

Administration Building 3 

Miscellaneous Buildings 4 

Warehouse 5 

Maintenance Building 6 

Water Treatment Building 7 

Sewage Treatment Building H 

Control Building 10 

Turbine Generator 41 

Heat Rejection Equipment 42 

Condensing System 43 

Feedwater Heating Equipment 44 

Water Treatment Equipment 46 

El ectri ca 1 Plant 47 

Maintenance & Handling 49 
Equipment 

Miscellaneous Equipment 50 

Transmission Plant 51 

Distributables 52 

Sample 
Problem 
Value 
(Xl03) 

2000. 

1000. 

700. 

50. 

u. 

700. 

300. 

0. 

0. 

15000. 

3000. 

300. 

1000. 

1000. 

4000. 

1000. 

2000. 

tiOO. 

5000. 



Sample 
Problem 

XOCOST Second COSTS Array Value 
Dimension Position Cost Item Position (Xl03) 

20 Spare Parts 53 2000. 

21 A&E Services 54 60UO. 

22 Construction Manager !>5 4000. 

23 Solar Integrator 56 l!:iUO. 

24 Solar Design !:i7 o. 

2!:i Master Contro 1 Design 58 o. 

26 Startup & Checkout 59 20UO. 

27 (Blank) o. 

·. 
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