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OBJECTIVE 

RECOMMEND COST GOALS FOR THE NEXT GENERATION OF ADVANCED liELIOSTATS AT TH£ SUBELEMENT LEVEL., CONrISTANT WITH 

THE RECENTLY COMPLETED DOE VALUE BASED COST GOAL ANALYSIS• THE GOAL BASED ON THIS ANALYSIS* WHICH IS 

CONSISTENT WITH MAKING SOLAR THERMAL SYSTEMS COMPETITIVE WITH A WIDE RANGE OF FUELS., AND IN MAI~ REGIONS OF 

THE COUNTRY IS $50-60/M2 AND A DELIVERED ENERGY COST OF $5-6/GJ. 

*SEE NOTE 1 



APPROACH 

0 CoMPARE FIRST AND SECOND GENERATION HELIOSTAT COST BREAKDOWNS TO ESTABLISH RELATIVE IMPORTANCE AND COST 

IMPACT OF CURRENT sua-cOMPONENT ELEMENTS• 

O ESTABLISH FEASIBILITY AND POTENTIAL OF REDUCING SUBELEMENT COSTS BASED ON CURRENT STUDIES AND RESEARCH 
DIRECTIONS• PROVIDE ESTIMATES OF COSTS ASSOCIATED WITH NEW INNOVATIONS WHERE POSSIBLE TO SUPPORT 

POTENTIAL PROJECTIONS AND FEASIBILITY• 

0 RECOMMEND THE REQUIRED RESEARCH TO ATTAIN THE SUBELEMENT COST GOALS• 

.......-. ........ .-...-. -- ......... ~ ---.. ---- ----- ,____ 
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HELIOSTAT SuBELEMENT CosT BREAKDOWN.,* $/M2 (1982 $) 

COMPONENT 

REFLECTOR ASSEMBLY 

SUPPORT STRUCTURE 

DRIVE ASSEMBLY 

CONTROLS 
FoUNDATION/PEDESTAL 

TOTAL INSTALLATION PRICE 

$/M2 

72-4 

19-5 

58-6 

27-6 
20-7 

198-8 

BARSTOW FIRST 
GENERATION 

FRACTION OF $/M2 
TOTAL CosT 

-3641 39-6 
.098 -462 14-9 

-295 36-2 
.13g 17-2 

-104 18-4 

1.00 126-4 

SECOND** RECOMMENDED 

GENERATION THIRD GENERATION 
CosT GoALS 

FRACTION OF $/r12 FRACTION OF 
ToTAL CosT ToTAL CosT 

-3141 25 ... 
-118 -432 

-463 

-286 12 .222 

-136 9 -167 

-146 8 -148 

1.00 54-0 1-00 

*BASED ON FIRST YEAR PRODUCTION ESTIMATES OF 50.,000 HELIOSTATS PER YEAR., FIRST AND SECOND GENERATION NUMBERS 

TAKEN FROM REF• [l}. VALUES GIVEN IN REFERENCE [l] ARE IN 1980 $; A FACTOR OF 1°149 IS USED TO SHIFT THESE 

VALUES TO 1982 $. 

**SECOND GENERATION NUtiBERS REPRESENT AN AVERAGE OF THE TWO LOI/EST COST DESIGNS; IN 1980 $ THE MARTIN 

r'IAR I ETTA CONCEPT (@$109/M2) AND THE r1cDoNNEL DOUGLAS DES I GN ( @$111/r,2). 

***INCLUDES SUPPORT STRUCTURE• 



REFLECTOR MODULIS AND SUPPORT STRUCTURES 

RECOMMENDATION: REDUCE CURRENT COSTS FOR REFLECTOR MODULES ($39°6/t12 ) AND SUPPORT STRUCTURES ($14-90/M2 ) TO 

$25Jr12 FOR THE COMBINED MODULE AND SUPPORT STRUCTURE• 

BACKGROUND AND RATIONALE: A NUMBER OF INNOVATIVE APPROACHES AND REFINEMENTS TO CURRENT TECHNOLOGY APPEAR TO 

PROVIDE SIGNIFICANT OPPORTUNITIES TO REDUCE REFLECTOR MODULE AND SUPPORT STRUCTURE COSTS• 

ALTHOUGH LIMITED EFFORT ON INNOVATIVE CONCEPTS HAS BEEN EXTENDED TO DATE, A NUMBER Of APPROACHES HAVE BEEN 

IDENTIFIED WITH SIGNIFICANT POTENTIAL• As A SPECIFIC EXAMPLE, STRETCHED MEMBRANE CONCEPTS UNDER DEVELOPMENT 

AT SERI [2] INDICATE A POTENTIAL WEIGHT SAVINGS FACTOR OF MORE THAN TWO FOR THE COMBINED REFLECTOR MODULE 

AND SUPPORT STRUCTURE AND THE RESULTING COST IS ESTIMATED TO BE LESS THAN $20/M2 IN MASS PRODUCTION FOR THE 

COMBINATION•* OTHER COST REIXJCING INNOVATIONS INCLUDE POLYMER MIRRORS, AND INTEGRATED REFLECTIVE MOOOLES 

WHERE A GLASS REFLECTIVE SURFACE IS EMPLOYED• POLYMER MIRRORS OBVIATE THE NEED FOR STIFFNESS AIMED AT 

PROTECTING GLASS SURFACES, THUS ALLOWING THE USE OF LIGHTER WEIGHT, MOVE COMPLIANT SUPPORT STRUCTURES• 

INTEGRATED REFLECTIVE MODULES, WHERE GLASS IS EMPLOYED AND IS ALSO USED AS AN INTEGRAL STRUCTURAL ELEMENT IN 

THE STACK HAS POTENTIAL OF REDUCING MOOOLE WEIGHT AND COST WHILE STILL LIMITING PEAK STRESS IN THE GLASS BY 

PROPER DESIGN [9] • REFLECTIVE MODULE STACKS MIGHT BE REDUCED IN WEIGHT BY MORE THAN A FACTOR OF THREE WITH 

THIS APPROACH• 

CURRENT HELIOSTAT CONCEPTS MIGHT BE IMPROVED BY FURTHER REFINEMENTS IN BOTH DESIGN APPROACHES AND IN THE 

SPECIFICATION AND PERFORMANCE REQUIREMENTS IMPOSED ON THE DESIGNS• FOR INSTANCE, RECENT CONTRACTOR STUDIES 

[3,4] HAVE SHOWN THAT STRUCTURAL FLEXIBILITY CAN BE INCREASED SIGNIFICANTLY WITH VERY LITTLE LOSS IN 

DELIVERED ENERGY• IN ONE EXAMPLE STRUCTURAL [3] FLEXIBILITY WAS INCREASED BY A FACTOR OF TWO ACCOMPANIED BY 

AN ENERGY SPILLAGE OF LESS THAN ONE HALF OF ONE PERCENT• ALSO THESE SAME STUDIES [3,4} INDICATE A POTENTIAL 

*To PUT THIS IN PERSPECTIVE THE GENERAL ELECTRIC Co. HAS ESTIMATED TH~T THEIR PROPOSED REFLECTOR AND 
SUBSTRUCTURE IN THEIR POLYMER ENCLOSURED CONCEPT WOULD COST LESS THAN $10/M IN MASS PRODUCTION• 

.-... a.-: ......... ....__. ......... ---- ~ ----.... 
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SAVINGS BY DESIGNING FOR SURVIVAL RATHER THAN POINTING ACCURACY• THIS APPROACH HAS NOT YET BEEN FULLY 
I 

EXPLOITED• THE ENERGY SPILLAGE RESULTS1 ARE CONSISTENT WITH A CURSORY SERI STUDY [6] ON ENERGY SPILLAGE DUE 

TO WIND LOADING• 



-

DRIVE ASSEMBLY 

RECOMMENDATION: ESTABLISH A GOAL OF REDUCING COSTS FOR THE DRIVE ASSEMBLY FROM $36.2/M2 TO $12JM2• 

BACKGROUND AND RATIONALE: AGAIN., NUMBER OF NEW CONCEPTS AND REFINEMENTS TO EXISTING DESIGNS APPEAR TO 

PROVIDE SIGNIFICANT POTENTIAL TO REDUCE COSTS• 

IN TERMS OF NEW DESIGN APPROACHES., HYDRAULIC ROTARY ACTIVATORS MAY PROVIDE A COST EFFECTIVE SUBSTITUTE FOR 

THE CURRENT MOTOR/GEAR DRIVE SYSTEMS• PRELIMINARY ANALYSIS OF SUCH APPROACHES BASED ON CURRENTLY AVAILABLE 

HARD,,/ARE AND THEIR SPECIFICATIONS INDICATE A POTENTIAL DRIVE SYSTEM COST OF $10/M2 [7].* frrHER NEW 

APPROACHES., SUCH AS RIM DRIVE CONCEPTS MAY ALSO PROVIDE SIGNIFICANT COST REDUCTION OPPORTUNITIESJ THOUGH 

ONLY LIMITED DEVELOPMENT OF ALTERNATIVE APPROACHES HAS BEEN PURSUED• HoWEVER., ANALYSIS AND TESTING OF ONE 

RELATED RIM DRIVE CONCEPT APPLIED TO LINE FOCUS TROUGHS DEMONSTRATED SIGNIFICANT COST/PERFORMANCE 

IMPROVEMENT POTENTIAL [8]. 

MODIFICATIONS TO EXISTING APPROACHES LEADING TO ENHANCED COST PERFORMANCE OF DRIVES., AND WHICH APPEAR TO 

HAVE POTENTIAL INCLUDE: THE REDUCTION OF OPERATIONAL WIND DRIVE REQUIREMENTS THROUGH WIND REDUCTION 

SCHEMESJ STOWING AT LOWER CUT OFF WIND LEVELSJ UNLOADING THE DRIVE IN STOWAGE AND SURVIVAL CONDITIONS., AND 

ALLOWING MORE FLEXIBILITY IN STOWAGE PROCEDURES• 

-*ARC!l....c; r.~TI ~ T~T TIJJJ...APPQ,Q,,Q,,CH. -
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CONTROL COSTS 

RECOMMENDATION: REDUCE CURRENT ESTIMATED COSTS FOR CONTROLS FROM $17°2/M2 TO $9/M2• 

BACKGROUND AND RATIONALE: RECENT WORK BY TWO SUMMER VI SITING PROFESSORS AT SERI (11) INDICATES A 

SIGNIFICANT POTENTIAL TO REDUCE CONTROL COSTS BY EMPLOYING RF FIELD CONTROL COUPLED WITH STATE-oF-THE-ART 

PAGING CIRCUITRY., MICROCIRCUITS AND MICROCOMPUTERS AT EACH HELIOSTAT• THEIR EVALUATION OF SIX APPROACHES 
? 

AND COST ESTIMATES INDICATE A POTENTIAL OF ROUGHLY $9/ML. FOR RF CONTROL BY ELIMINATING CABLING AND ENHANCING 

THE CAPABILITIES OF THE CENTRAL COMPUTER (Bv DOING A SIGNIFICANT AMOUNT OF COMPUTING AT THE HELIOSTAT). A 
GREAT DEAL OF THE POTENTIAL APPEARS TO RESULT FROM THE DRAMATIC REDUCTION OF MICROPROCESSOR AND 

MICROCOMPUTER COSTS IN THE LAST DECADE• 



FOUNDATION AND PEDASTAL 

RECOMMENDATION: REDUCE FOUNDATION AND PEDASTAL COSTS FROM $18.4/M2 TO $8/M2• 

BACKGROUND AND RATIONALE: CURRENT STUDIES ON OPTIMIZED SECOND GENERATION CONCEPTS BY McDoNNEL DOUGLAS [4] 

SHOW ESTIMATED COSTS FOR THE FOUNDATION AND PEDASTAL WHICH ARE LESS THAN $9/M2 (CORRESPONDING TO THEIR 95 
M2., INCREASED AREA DESIGN)• ALSO., IT IS INTERESTING TO NOTE THAT OPTIMIZED FOUNDATION COSTS FOR TROUGHS 

HAVE BEEN SHOWN TO BE ABOUT $8.Q0/t12 OF APERTURE [13]., AND THAT ONE MIGHT EXPECT SINGLE PEDASTAL COSTS (ON A 

PER APERTURE AREA BASIS) TO BE SOMEWHAT LESS• FURTHER., DETAILED STUDIES OF DRILLED PIER CONCEPTS FOR 

HELIOSTATS [12] SHOW SIGNIFICANT OPPORTUNITY FOR REDUCED VOLUME AND PIER DEPTH (AND HENCE REDUCED COSTS) 

CORRESPONDING TO GOOD SOIL CONDITIONS., AND/OR REil.JCED LOADING CONDITIONS; THEREFORE., OPPORTUNITIES FOR 

REDUCED WIND LOADING IF EXPOITED WILL ASSIST IN REDUCING FOUNDATION AND PEDASTAL COSTS BELOW THAT PREDICTED 

FOR OPTIMIZED SECOND GENERATION CONCEPTS• 

.....__, ~ ----- - ......... - ------ -- ------
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TABLE I. SYSTEM AND ECONOMIC PARAMETERS ($1982$)* 

PLANT DEscRI PTION; 30 J'MTH - IPH 

PLANT LIFE; 20 YR• 

FINANCING; 100% EQUITY 

DISCOUNT RATE; 10% (REAL) 

TAX CREDIT; 10% INVESTMENT 

LAND CosT; $3000/AcRE• 

O&M AND INSURANCE; 4%. 

HELIOSTAT ENERGY DELIVERY PERFORMANCE; 5°57 GJ/M2-YR• 

BALANCE OF PLANT COSTS; $35/M2 + $48000. 

*THE DELIVERED ENERGY COST BASED ON AN ANNUAL REQUIRED 
REVENUE APPROACH IS USED• 



FIGURE 1- CAPITAL COST ALLOCATIONS AMONG SUBELEMENTS FOR FIRST., SECOND., AND RECOMMENDED THIRD GENERATION 
HELIOSTAT COLLECTOR CONCEPTS (INSTALLED)• 

FIGURE 2° DELIVERED ENERGY COST VS• INSTALLED COLLECTOR COST CORRESPONDING TO SECOND GENERATION HELIOSTAT 
PERFORMANCE., SHOWING COST ALLOCATIONS FOR MAJOR SYSTEM COMPONENTS (SEE SYSTEM/ECONOMIC ASSUMP­
TIONS IN TABLE 1). 

FIGURE 3° DELIVERED ENERGY COST ALLOCATED TO THE COLLECTOR ONLY VS• INSTALLED COLLECTOR COST CORRESPONDING 
TO SECOND GENERATION HELIOSTAT PERFORMANCE., SHOWING COST ALLOCATION AMONG COLLECTOR SUBELEMENTS 
(SEE SYSTEWECONOMIC ASSUMPTIONS IN TABLE 1) 0 

FIGURE 4° THE SENSITIVITY OF PERCENT OF DELIVERED ENERGY COST ALLOCATED TO COLLECTORS ONLY TO CHANGES IN 
COLLECTOR COST ONLY• 

FIGURE s. PERFORMANCEICOST BREAKEVEN RELATIONSHIP SHOWING THE ALLOWABLE DECREASE IN ANNUAL ENERliY PRODuc­
TION (PER UNIT AREA OF HELIOSTAT CORRESPONDING TO A $1.0Q DECREASE IN COLLECTOR COST/PER UNIT 
AREA OF HELIOSTATh As AN EXAMPLE CONSIDER A COLLECTOR COST OF 100/M2 AND ASSUME THAT THE 

DELIVERED ENERGY COST REMAINS CONSTANT AT $8°5/GJ <FIGURE 2); THEN A DECREASE IN COLLECTOR COST 
OF $l/M2 WOULD BE EXACTLY OFFSET BY A DECREASE IN ANNUAL ENERGY DELIVERED OF AMOUNT 0° 043 
GJ/M2• THUS IF THE ENERGY DECREASE CAN BE HELD BELOW 0°043 GJ/M2., THEN THERE WILL BE A NET DROP 
IN THE DELIVERED ENERGY COST• 

------------
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RECOMMENDATIONS 

0 REASSESS DESIGN REQUIREMENTS AND SPECIFICATIONS FOR HELIOSTATS ACROSS THE BOARD• SPECIAL ATTENTION SHOULD 

BE PAID TO WIND LOADING FOR BOTH SURVIVAL AND OPERATING CONDITIONS ESPECIALLY AS IT RELATES TO THE DRIVE., 

REFLECTIVE MODULE AND SUPPORT STRUCTURE DESIGN• NEW REQUIREMENTS AND SPECIFICATIONS SHOULD BE EVOLVED IN 

CONCERT WITH THE ITEMS BELOW• IN GENERAL INNOVATORS SHOULD BE GIVEN MAXIMUM FLEXIBILITY IN PERTURBING 

REQUIREMENTS AND SPECIFICATIONS TO ARRIVE AT A MINIMUM COST OF DELIVERED ENERGY• 

0 DEVELOP INNOVATIVE CONCEPTS WHICH ARE ADAPTIVE RATHER THAN RESISTIVE TO ENVIRONMENTAL LOADS., SPECIFICALLY 

EXPLORE THE POTENTIAL OF LIGHTWEIGHT COMPLIANT STRUCTURES WITH GOOD HIGH WIND SURVIVAL CAPABILITIES TO 

HELP ESTABLISH NEW REQUIREMENTS AND GOALS• 

O DEVELOP A HIGHLY REFLECTIVE POLYMER MIRROR FOR USE WITH EITHER ENCLOSED OR UNENCLOSED CONCENTRATOR 

CONCEPTS• 

0 EXPLORE THE POTENTIAL OF "INTEGRATED" REFLECTOR/SUPPORT STRUCTURES WHEN USING GLASS CONCEPTS TO MAKE 

OPTIMAL USE OF MATERIAL ( I • E •., CONCEPTS WHICH USE THE GLASS LAYERS AS AN INTEGRAL STRUCTURAL ELEMENT IN 

THE REFLECTIVE STACK AND SUPPORT PROCEDURE• 

.-..at - - - - - --.------
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0 PERFORM RESEARCH ON WIND LOADING REDUCTION SCHEMES TO ALLOW THE APPLICATION LESS ROBUST STRUCTURE AND 

SUPPORT CONCLUSIONS ON POTENTIAL COST SAVINGS THROUGH PROBABILISTIC FAILURE ANALYSIS• 

0 Focus ON LOWER TEMPERATURE IPH APPLICATIONS FIRST TO TAKE ADVANTAGE OF THE LESS SENSITIVE OPTICAL ACCURACY 

REQUIREMENTS• THIS WILL ALLOW EXPERIENCE IN DEVELOPING LOWER COST CONCEPTS FIRST, AND THEN IMPROVING THE 

LOW COST BASELINE CONCEPTS IN TERMS OF PERFORMANCE• 

0 PERFORM THE JOINT UNIVERSITYILABORABORY CONTROL EXPERIMENTS RECOMMENDED BY CHEN AND PEARSON TO VERIFY THE 

ADEQUACY OF THEIR PROPOSED APPROACH• 

0 DESIGN AND TEST A HYDRAULIC ROTARY ACTUATOR DRIVE SYSTEM TO DETERMINE ITS ACCURACY AND ASSESS THE 

POTENTIAL LEAKAGE PROBLEM• 

0 RESEARCH ON BALANCE OF PLANT, AND SYSTEM RELIABILITY (ro REDUCE 0&M COSTS) IS ALSO WARRANTED SINCE THESE 

TWO ELEMENTS IN THIS ANALYSIS TOTAL ROUGHLY 46% OF HIE DELIVERED ENERGY COST AT A COLLECTOR COST OF 

$54/M2• FURTHER, THE ASSURED BALANCE OF PLANT COSTS MAY TURN OUT TO BE OPTIMISTIC AND FURTHER COST 

REDUCTIONS MAY BE NEEDED TO OFFSET UNANTICIPATED LOSSES IN ANTICIPATED PERFORMANCE LEVELS• 



CONCLUSIONS 

0 CORRESPONDING TO EACH OF THE COLLECTOR SUB-ELEMENTS., THERE APPEAR TO BE A NUMBER OF COST REDUCING 

OPPORTUNITIES YET TO BE EXPLOITED• SIGNIFICANT RATIONALE EXISTS TO SUPPORT THE REOOCTION OF CURRENT 

COLLECTOR COSTS FROM $126/M2 TO THE RECOMMENDED $54/M2• HOWEVER THE TRUE VALUE OF SPECIFIC COST 

IMPROVEt\ENTS rt.JST ALSO REFLECT CHANGES IN PERFORMANCE (oN DELIVERED ENERGY COSTS)) THE IMPACT ON 

PERFORMANCE OF VARIOUS IMPROVEMENTS CAN BE ACCURATELY ASSESSED ONLY THROUGH TESTING IN CONCERT WITH 

ANALYSIS• 

0 INNOVATIVE CONCEPTS ARE RELATIVELY UNEXPLORED (EXCEPT FOR POLYMER ENCLOSED HELIOSTATs). 

0 AT THE SUB-COMPONENT LEVEL., THE RECOMMENDED COST REDUCTIONS RESULT IN NET COST DISTRIBUTIONS AMONG THE 

ELEMENTS WHICH ARE FAIRLY SIMILAR WITH THOSE CORRESPONDING TO THE FIRST AND SECOND GENERATION 

COLLECTORS• THE ONLY SIGNIFICANT DISTRIBUTION CHANGE WHICH OCCURS AS A RESULT OF THE RECOMMENDATIONS IS 

WITH THE DRIVE SUBSYSTEM• THE FRACTION OF THE INSTALLED COLLECTOR COST CORRESPONDING TO THE DRIVE 

SUBSYSTEM IS 0 30., 0 29., AND 0-22 FOR THE FIRST., SECOND., AND RECOMMENDED THIRD GENERATION CONCEPTS 

RESPECTIVELY• 

0 SPECIFICATIONS AND REQUIREMENTS SHOULD BE SUFFICIENTLY FLEXIBLE SO AS TO PERMIT INNOVATORS TO DEFINE THE 

APPROPRIATE EMPHASIS ON COST AND PERFORMANCE WHICH WILL RESULT IN OPTIMAL COST/PERFORMANCE FOR THEIR 

RESPECTIVE SYSTEM• 

0 To BRING THE COST OF DELIVERED ENERGY BY A SOLAR THERMAL CONTROL RECEIVER SYSTEM BELOW $6.QQ/GJ., RESEARCH 

ON COST REDUCTIONS CORRESPONDING TO THE SYSTEM BALANCE OF PLANT AND SYSTEM RELIABILITY WILL BE REQUIRED 

EVEN IF THE COSTS OF HELi OSTATS IS REDJCED TO $54/t12 • 

----- - - - - - - - - -
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NOTE 1 

O A RECENT DOE STUDY [15.,16] ARRIVED AT ESTABLISHING VALUE BASED COST GOALS FOR SOLAR THrnMAL SYSTEMS AND 

COLLECTORS SHOWED THAT AT SYSTEM COSTS BELOW $l72/M2 (1982$) THE POTENTIAL EXISTS FOR SUBSTANTIAL 

PENETRATION IN THE IPH AND ELECTRIC GENERATION MARKETS• FURTHER FOR SYSTEM COSTS BELOW $115/M2 (1982$)., 

WHICH CORRESPONDS TO A DELIVERED ENERGY COST OF $5.5/GJ (1982$), SOLAR THERMAL SYSTEMS CAN BE COMPETITIVE 

WITH A WIDE RANGE OF FUELS IN MANY REGIONS OF THE COUNTRY rn THE 1990-2000 TIME FRAME• Mo1-<EOVER, 

COLLECTOR COSTS HAVE BEEN SHOWN TO REPRESENT ROUGHLY 50% OF MATURE SOLAR TliERMAL SYSTEMS COSTS [17) • 
HENCE COLLECTOR COSTS ON THE ORDER OF $50-60/M2 ARE NEEDED TO MAKE SOLAR THERMAL SYSTEMS COMPETITIVE, WITH 

A WIDE RANGE OF FUELS, AND IN MANY REGIONS OF THE COUNTRY• <THIS ASSUMES PERFORMANCE LEVELS OF THE SECOND 

GENERATION, GLASS METAL HELIOSTATS) 0 
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