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ABSTRACT 

The 10 MWe solar pilot plant at Barstow, California, will shortly provide some 

thousands of homeowners with electricity from the sun. The plant consists of 

1818 heliostats that reflect the solar radiation to a boiler atop a 76 meter 

high tower near the center of the configuration. Each heliostat has an area 

of 40 m2 • Turbine inlet temperature is 950°F at a pressure of 1450 PSI. The 

output of this plant is being connected to the Southern CaHfornia Edison 

electric grid with a capacity sufficient to supply the electrical needs of 

7,000 individuals. Plant construction of the joint DOE-utility project is 

complete and turbine roll is expected shortly. Further applications of this 

co.ncept is under consi :l.eratf on, involving the range 10-300 MWe intermediate 

and quas i-basel oad utility uni ts. This. present report summarizes projected 

capital costs. busbar energy costs vs. capacity factors, financing 

alternatives and economic viability. Advantages of the centra 1 receiver 

concept once implemented include substantial oil and gas savings, stabilizing 
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effect on energy costs, short energy payback period of 18 months in terms of 

electrical energy, short construction period, generation of substantial tu 

revenues vs. governmental investment, utilization of a wide labor spectrum, 

and minimal environmental effects. 

INTRODUCTION 

The solar central receiver concept is a design to collect energy from a 

large flat land area by reflecting solar beam energy from a large number of 

mirrors or heliostats onto a single large receiver or boiler atop a ta11· tower 

near the center of the heliostat field. The heliostat field and the boiler 

that is located at focal point simulate a large parabola; the parabola axis is 

fixed vertically and the mirror segments are continuously reoriented to steer 

the beam energy onto the receiver.1-3 This system can achieve quite high 

concentration ratios and consequent boil er temperatures, the 1 atter bef ng 

sufficient to supply high quality steam to conventional turbo-electric 

generators used by electric utilities. Water is pumped up the tower and is 

converted to steam which drives the turbine at the base of the tower. Turbine 

inlet temperature is 950°F at 1450 PSI. 

The 10 MWe (10,000 KWe) plant constructed at Barstow, California,4 is 

shown in Figure l. The field of heliostats numbers 1818 with each having a 

mirror surface area of 40 mm2 and a total mirror area of about 70,000 m2 • The 

land area enclosed by the heliostat field is about 75 acres. Figure 2 is a 

system drawing showing the relationships between the heliostat, receiver, and 

storage facilities. This plant can supply the electrical needs of some 7,000 

individuals and is being connected into the Southern California Edison plant 

grid. The plant capacity factor is 35 percent. The builders and operators 

are Southern California Edison, Los Angeles Water & Power and the California 

Energy Commission. The prime system design and integration contractor is 

McDonnell Douglas Astronautics. The heliostats are supplied by Martin 

Marietta Corporation, the boiler and storage by Rockwell International. The 

Architect and Engineer is Stearns & Rogers and a University of Houston team is 

the designer of the heliostat field layout. Plant construction of the DOE

Industry project is complete and turbine roll is expected shortly. 
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This first-of-a-kind pilot plant costs �140M with $21.SM funded by the 

plant builders and the balance by DOE •. The heliostat costs are expected to be 

1 owered cons 1 derab ly 1 n the future through mss production and it should be 

recognized that the cost per kilowatt electric for smaller plants, regardless 

of energy source is higher. 

This first of a kind plant was not optimized for 10 MWe operation but was 

scaled to gain experience with 100 MWe sizes which are oi iruch greater 

interest to utilities. These type plants can be constructed in the range of 

10-300 MWe size, with an optimum occurring toward the larger sizes, and can be 

operated with storage such that capacity factors of 0.6-0.8 are obtained (use 

of an air-rock storage system could provide quasi-baseload power). The most 

significant factor needed for price reduction is mass heliostat production. A 

series of studies have been performed to estimate as accurately as possible 

heliostat costs as a function of production rate. Figure 3 is a summary of 

the estimated costs of hel i ostats versus production. 5 Further details of 

expected cost reductions are shown in Table 1. 
5 These results have been 

verified by a number of studies including a detailed analysis of a particular 

heliostat design by a General Motors group.6 It should be noted that once the 

central receiver system enters the market that the heliostat costs will have a 

stabilizing effect on energy costs. 

There are a number of advantages that can be realized by the adoption of 

the solar central receiver as an energy option, and these include the 

utilization of American labor in construction and operation rather than 

American dollars used in buying oil. Also significant oil savings can be 

realized. Each 100 MWe plant with a capacity factor of 0.4 can displace 7.7 x 

105 barrels of oil annually. In addition the environmental effects are 

minimal for these systems. They can be operated with dry cooling as well as 

with conventional wet cooling towers, and are ideally suited for the desert 

Southwest where other energy sources such as nuclear and even coal are 

difficult to introduce. The energy payback of these systems appears to be 

quite good. Specifically, on an electric basis, only 1.5 years is required to 

return the capital energy used in creating the plant. The estimated O & M 

costs for 100 MWe plant appear quite reasonable. 
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CURRENT'ECONOMICS (Busbar Energy Cost - BBEC) 

There are a variety of heat transport fluids that can be employed in 

full-scale solar central receiver power plants. These include water/steam, 

which is used in the Barstow plant), draw salt, sodium and air. The salt heat 

transport fluid and the sodium heat transport fluid can be used as the storage 

medium as well. Air/rock �torage has also been proposed in conjunction with 

sodium-cooled plants. Because of time 1 imitation in the preparation of this 

paper only the sodium receiver concept wi1 l be used to indicate the economic 

potential of the solar central receiver. Salt-cooled system would have 

economics comparable with sodium. In Figure 4 is shown a system schematic of 

a sodium central receiver plant as visualized by Rockwell International 

Corporation, one of several companies involved in solar plant designs. In 

Table 2 is a detailed summary of the key characteristics of a 100 MWe and 281 

MWe sodium central receiver plant7 • The capital cost of such plants as a 

function of capacity factor is given in Table 3.7 

A comparison of the cost of energy as produced by a variety of 

conventional energy options and as a function of capacity factor is shown in 

Figure 5 in relation to the cost of energy from the solar plant. 7 Two 

heliostat costs are used, one at $100/m2 and the other at $78/m2 • These costs 

are considered attainable values if mass production is employed. The 

heliostat costs are given in 1980 dollars. In Figure 6 are shown additional 

comparisons of the cost of energy from oil-fired P.Jpnts relative to that for 
.,.,, '7 r' 

solar for current heliostat costs7 • The cost of-52i'6/m 2 has recently been 

quoted for single orders of the order of 17,000. It can be seen from these 

figures that solar systems can potentially compete with oil and gas fired 

power plants at moderately high heliostst cost. In general the solar option 

is most competitive at lower capacity factors typical of intermediate load 

demand. The reason for including nuclear here is to cl early demonstrate the 

complementary nature of the solar and nuclear options. Nuclear is the lowest 

cost system in baseload operation under the assumptions used here, but not all 

load demand requirements are in the baseload regime. A considerable amount of 

energy demand is of the intermediate and peaking type which can be supplied in 

a cost effective manner by solar central receivers. Part of this cost 
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effectiveness is related to the fact that in many areas times of higher load 

demands for electricity match reasonably well with the hours when the sun is 

shining. Thus. storage time of the order of 3 or 4 hours are frequently 

optimal. Although additional storage is cost effective in terms of lowering 

the cost of energy from the solar plant, additional storage may place the 

· solar plant into .the baseload range where it may not economically compete with 

coal or nuclear if the grid mix contains these options. In any case, the 

solar central receiver, unlike many renewable energy systems, can incorporate 

large amounts of storage in a cost effective manner and is therefore, very 

versatile 1n terms of its application in the utility grid. 

One question that frequently arises regarding the economic 

competitiveness of the solar plant relative to nuclear and i:oal is the size 

factor. The most cost effective coal and nuclear plants are usually of large 

size; i.e., of the order of 600 MWe or greater. Also the problems associated 

with permits and licensing dictate the installation of large plants. In order 

to properly compare solar plants with coal or nuclear, therefore, one should 

use comparably sized uni ts. Figure 7 shows that the capital cost of coal and 

nuclear plants rises rather steeply as the size approaches that of the optimum 

solar plant (i.e., 100 to 300 MWe)
8

. Thus the data used in figure 5 are 

probably conservative insofar as the capital cost assumptions for small-size 

coal and nuclear plants are concerned. It follows also that the costs 

associated with the 10 MWe Barstow plant would appear to be more reasonable in 

view of its size and the fact that it is the first-of-a-kind. 

In Figure 8 is a comparison of plant value to a utility for a so1ar plant 

with an oil plant.7 If indeed heliostats can be bought for Sl75/m2 in the 

near term and there is little uncertainty in costs estimates, the solar system 

is competitive. At any rate the solar central receiver competitiveness is 

rapidly coming into range with other energy sources. 

The question can be raised as to why commercialization has not already 

occurred without further Government involvement. There are severa1 perceived 

technical/cost barriers that need to be removed. The heliostats are not in 

mass production and yet a clearly identified market is needed to stimulate 

mass production. At the present time all cost estimates for all-liquid type 
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systems are based on conceptual designs. Also no complete. large-s e, all

l iquid system has been constructed and operated. and certain key .  f 1-scale 

components have not been built and tested. Utilitfes f1nd it very isky to 

buy a full-scale system, unless a reasonably large scale demo has b, n built 

and operation been verified, where the components have only operated n small 

sizes. They would like to see r isk reduction so that venture capital ould be 

more readily brought into play. This can be accomplished, it is bel ved , by 

testing larger size boiler components and by developing detailed · chnical 

design for at least two plants so that detailed financial discussion ould be 

undertaken. The detailed design would permit narrowing of the cost st imate 

of plant value and through several scaled component tests, reduce pe· ormance 

uncertainty. With a detailed design, a utility would have less diff· ulty in  

developing capital, by providing information to Public Utility Comm is: ons and 

financial parties that they would not otherwise have available them. 

Finally, it is believed imperative to provide some form of cost sh, i ng for 

the introduction of the first few plants. This could be accomplishE e ither 

through guaranteed 1 oans or con ti nuance of the Business Investment Ta; :redi ts 

with the latter being preferred. 

MARKET POTENTIAL 

A time scale for potenti al commercial i zation of this energy re� 1rce is 

shown in figure 9.7 We are confident that once several conxnercial 00 MWe 

plants are in operation this technology will be used extensively. 1e most 

attracti ve approach would be to repower existing oil  or gas fired pl c :s w ith 

the addition of a central receiver system on site to provide heat d fuel 

savings. A conservative scenario  for electric power generation alone 1tlines 

planning and construction potential to the year 2000 in figure S Once 

developed, the market is expected to be considerably larger than O quads 

annually and would include process heat delivery. The installed ele :r icity 

capacity expected by 2000 is  shown at 13.3 gigawatts with an am il oil  

savings of 103 mi l l ion bbls. 
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SUMMARY 

There are a number of ben_ef1ts that would accrue from utilization of this 

resource. Once commercial izat1on is attained, the cost to the consumer of 

electrical power from solar systems will be more stable and potentially lower 

than that from conventional energy sources. The Southwest is i n  a unique 
. . 

position to uti l ize solar plant devel opment where nuclear and coal sitings are 

difficult. Also the U. S. would benefit in general ei ther by the installation 

of long DC transmission lines or by the fact that oil and gas not used i n  one 

region would be more readily available i n  another. Cumulative oil savings 

coul d exceed 373 mill ion barrels by year 2000 and costs for constructing solar 

plants i nvest in the American l abor market rather than a foreign country. 

There are no fuels to transport or handle. no co2 emissions, no combustion 

byproducts, no solid wastes, and a short construction period of 3-4 years. 
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2iW GE(lERAT I DrJ I IEL IOST/1.T ESTIMATED FUTURE REDUCTIOi·l I N  PRICE ( $IM2 ) 

I NSTALLED CONTRACTOR POTENT IAL 
PRICE ESTIMATED REDUCTIONS EFFECT Of LEARNING (10 YRSl PRliLl.Orn YR 

ARCO 118 271 12 79 

BEC 147 152 15 117 

MMC 109 73 11 91 

MDAC 111 184 
11 82 

1 .  LisE THI N  GLASS, ONE P I ECE N I RROR w/o PAI NT; REDUCE CAST I NG WE I GHT, REDES I GN MOTORS; 
REDES I GN A TORQUE TUBE; REPLAN F I ELD ASSEMBLY LABOR; USE L I FET IME F I N I SHES; REF I NE 
CONTROLS , 

2 ,  REDUCE PEDESTAL D IAMETER; REDUCE G IMBAL DI AMETER; USE FOAMGLAS I N  CORE; REDUCE 
S I LVER I NG COST; REDUCE DR I VE MOTOR COST, 

3 ,  REMOVE M I RROR PAI NT; REF I NE FOUNDAT ION/PEDESTAL; REF INE CONTROLS, F I ELD W I R I NG 
I NSTALLAT ION,  

4, REMOVE SH IM 'S, EDGE SEALS; ADD 14% MORE AREA; REFIHE FOUNDAT ION; DECREASE CURE T IMES ,  

Table 1 
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SYSTEM 

ELECTRIC  

RECEIVER 

STORAGE 
(1QQ% PO�/ER)  

ELECTR I C  f10WER 

GENERATI NG 

COLLECTOR 

S0D1 UM CENTRt�L RECEIVER SOLAR PLANT DATA SUMMARY 

PARAMETER 

NET POWER (MWE) 
GROSS POWER (MWE) 
CYCLE EFF I C I ENCY (%) 

SOLAR MULT I PL I ER  (sM) 
THERMAL POWER (MWT) 

NOMINAL 
MAX IMUM 

RECE IVER TEMPERATURE 0c (°F )  
I N  
OUT 

�ECE IVER M IDPO I NT ELEVATION 
M (FT) 

OPERAT I NG T IME (H)  
ENERGY (MWT-H) 
QUANT ITY 106KG (106LB) 
TURB I NE I N  PRESSURE MN/M2 (PS JG )  

SUPERHEATER TEMPERATURE 0c (OF) 
REHEATER TEMPERATURE 0c (°F) 

M I RROR AREA KM2 (FT2 ) 
NUMBER OF HELI OSTATS 
TOTAL LAND AREA (ACRE) 

Table 2 

CONFIGURAT I ON 

100 
112 

F I NAL 
BASELI NE 

43 . 1  
1 . 50 

260 
390 
�88 (5�0) 
5§��1186) 

17LJ ( 571) 
3 
812 . S  
7 , 606 . 8) 
12 . 4 (1800) 
538 (1000) 
538 (1000) 
O . G92 (6 , 95x106) 
14, 106 
780 

OPTIMUM 
BASELINE 

281 
312 
l/3 , 2 
1 . 50 

723 
L084 

�§�rn�R� 
,93 (1100) 

268 (879) 
3 
2, 400 
23 (50 . 4) 
16, 5 (2400) 
538(10QQ) 
538(1000) 

1 .  99 (21. 4xl06) 
40,660 
2,220 

E�C-BD-79-28 



PLANT CAP IT AL COST ESTIMATES 

<NTH PLANT> <1980 $ I N  M ILLIDr�S) 

STANDALONE 

SIZE/STORAGE 

RE POWERED 

100 MWE/3HR 100 MWE/3HR 281 MWE/3HR 

COLLECTOR SUBSYSTEM 
(HELI OSTAT COST = 100 $/M2) 

78 78 229 

RECEIVER SUBSYSTEM 24 24 59 

THERMAL STORAGE SUBSYSTEM 7 7 18 

EPGS & MI SCELLAUEOUS 9 40 77 
- - -
118 149 383 

$/ K\'/T* ( I N  DOLLARS) 305 384 352 

*THERMAL ENERGY DELI VERED TO BOTTOM OF TOr/ER 

___________________________ __,_,-abte 3 



BUSBAR EN ERGY COST COMPARISO NS 

400 

380 

3GO 

340 

320 

300 

- 280 

§ 260 
240 
220 

200 

180 

160 
140 
120 

.,J 

100 
so 
60 

40 

20 
a, 

0 

COAL ($2000/kWe) ' ' 
DISCOUNT RATE • 16% 
GENERAL INFLATION • 8,9% 

...... , '"'--' --�--.. ' -.. .._  
. 

• ••••• --.., ••••••••• • •  :::- OI L  {$595/kWe) 

COAL ($1200/kWe) � ._ , 
•• GAS TURBINE ($216/kWe) 

' ---- , .. ' ___ ...... 

SOLAR ($100/ro2)�A;::.� 
� .. � NATURAL GAS ($450/kWa) 

($78/m2) . : 
' 

10, 20· 

,.... -.......... ..... _ 
-..._ NUCLEAR ($1 123/kWa) 

30 40 60 60 

CAPACITY FACTOR (%) 

Fi g .  5 

70 80 80 · 100 

82.J21-3-16 



5 0  

4 5  

" " 0  

3 5 1-

3 (1 -
I 

u 25  
lal 
UI � 
Q 

� o  
UJ 
N .... _. l 5  
w 
> w 
_,J 1 1:1 

s 

0 
0 

LEVELIZED BBEC COMPARISONS 

- - - - - - - - - - - - - - ( 1 )  

( 5 �------= - - _ _ _  .,✓..: (3 )  
� •• J-� ) ,Z7/; - -��1/�:__1/�_ -(2 )  

( 6  ���� 
',, .... 

..... - - - - - - - ( 4 )  - - - - - -
... __ __ _ __ _ _  .. _ ( 7 )  

1990 STARTUP 

1 0  � o  3 0  +o 5 0  6 0  70 

PLANT C APACITY FACTOR - PERCENT 

( 1 )  No, 2 f-Ul: 1. O I L  - 11 ,9% ESCALATION 
(2) No, 2 FU l: L  01 L - 8, 9:t ESCALATION 
(:1) No. G F U C: L  0 1  L - 1 1 .9% !:SC/\LATION 
(4 )  No ,  G F.U l: L  0 1  L - U . 9-X. ESCALAT ION 
l!i) SOLAR - [$2.1 G/m2 - 1 ,!3 x SO LAH COSTS) 
(6! SOLAR - ($21 0/m21 
( 7 1  COAL - ($1 200/l<Wa) 

Fi g . 6  
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PLANT VALUE IS 30 % TO 70 % OF PLANT COST 
(INCLUDES 50% COST UNCERTAINTY) 

400 

I 365 
r777' 350 

en a: 300 
j I 254 11/'/hl 257 ..J 
0 250 0 
0 co en -

::: [ 
LL 171 172 0 - --- .--en 0 :, z &j 0 I- tn w ::»- N � :J 0 I- 0 J: >- 111  :J ..I J: z u I- t- w ..... - --
:§ 100 .... -

� 

- Z  :, > 0 - <C  :: :;j: u, 
::: t- ... w Ci I I- t- IX) ..I 
I ffi <( U>  0 I- 0:: CIJ � 

s: I-
50 I- I Iii � :J ti) w � <( 0 U <( -... � 0 ::, w u 2 C, g ..... ..J u J: ::, C'l N 0 ... 
o '  I (I) 

GAS 2% ESCALATION >9% GENERAL 100 MWe SOLAR ST AND-ALONE 
OIL 0.5% ESCALATION >9% GENE UAL 6-h FULL POWER STORAGE 
10% INVESTMENT TAX CREDIT HELi OST AT COST $175/m2 
50% TAX RATE SINGLE PLANT, FIRST OF A KIND 
COST OF CAPITAL 15% SINGLE HELIOSTAT ORDER (17,000 UNITS) 
4-YR CONSTRUCTION 1985 STARTUP 
22-YA DEPnECIATION LIFE 43600-8 

Fin . 8 


