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Foreword 

This final report was prepared to satisfy the requirements of Task 8-8 of the 

Statement of Work of sandia Contract 20-9944. It describes analyses, design, 

trade studies, heliostat and plant busbar energy cost analyses. sandia 

technical manCQement was perfonned by Mr. Clayton Mavis. BEC contributors 

were: 

Prcgran ManCQer [bnald Bartlett 

Principal Investigator Marc Berry 

Heliostat Design Ken Hernley 

Heliostat and Power Plant Analysis Bill Beverly 
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1.0 INTRODUCTION AND SUMMARY 

Boeing Engineering and Construction Company (BEC), under contract with Sandia 

National Laboratories, Livermore, submits herein the conceptual design and 

cost analysis report of an enclosed plastic heliostat for a 50-MWe central 

receiver solar thermal electric power plant. This work was performed under 

Contract 20-9944. 

The purpose of this study was to analyze the most recent design of the Boeing 

enclosed plastic heliostat for cost and compare results with a reference 

second generation glass heliostat case provided by Sandia National 

Laboratories, Livennore (SNLL). In addition, sensitivities of busbar energy 

costs to variations in capital cost (installed cost), operation and 

maintenance cost and overall reflectivity (;ot2) were evaluated. 

1.1 Design and Cost overview 

The conceptual design developed is shown in Figure 1-1. It consists of an 

overcoated polymethylrnethacrylate (PMMA) film reflector membrane on a tubular 

aluminum support structure, thennoformed polyvinylidene fluoride (PVDF) 

enclosure, pedestal, drive actuator, support blONer and a screw-anchor/cable 

tie-down systan. No controls design work was perfonned. The tie-dONn systan 

reacts wind loads (lift and drag) and up-load due to internal pressurization. 

Provision is made for ranoval and replacanent of the enclosure once in the 

3D-year life of the plant. Manufacture of the heliostat components was 

planned at a central facility in Phoenix, Arizona while final assembly occurs 

at the power plant sites. 

Costs for heliostat materials, labor, transportation, factory and site were 

etimated. The HElCAT code, provided by SNLL, was used to compute capital 

cost. SNLL provided a Second Generation reference case for comparison 

purposes. Figure 1-2 shows the overall installed cost comparison, as well as 

component cost comparisons. The greatest ~ost advantages of plastic 

heliostats are seen to lie with the reflector and drive mechanism. 

1 



N 

ANCHOR 

PLAN VIEW 

ANC.HO" TO FLANGE 
R£INmRc.ING. ~ 
4 PLAc.e.~ 

REFlEC.TOR .... EMBRANE 

THERMOfllltMED 
£Nc.Lo5URE 
I'£NWIlII\LT 700 K'I'NAR 

ACR'(LlC co"Tf.D AWMINllE.O 
PMMA 

GIMBAL ACTUATOR. 
WINSM ITH Sll-12236'2. 

T ... ERMOfORMED 
&€.I: PE"WNwALl 
1/00 K'I'NI\R 

I iI I i ~ ~ ~-f , ·i .J.. I I ,\. 
I I • H.c. 

REINFORLECl CDNCRETt:.Y: J • POIlI!;:R } MODlJLE LOCAT£D NORTK 
PED~ThL l_ • BlOIIJ£R SIDE f1f 1:[Ua.;r"'T 

EiLEVJ>..TION VIEW 

FIGURE 1-1 PLASTIC HELl05TAT AND ENCLOSURE. CONCEPT 



w 

120 
113 ~ 

Site 
(includes 

~--1 fld. wiring) 
100 I- / A I Bale / 

foundation 
(+Enc\Osure> 

80 I-- / / / I I Controls 

Heliostat II II I I DrLe 
installed II mechanism 
cost $/M2 60 

(1983$) 

45 
I r 

40 
• ., I I 

Reflector & 

Structure I lP Helcat.. BEe 
rz> Helcot" SNLL 

• I I I 

20 

BEC ~lastlc 2ND GEN. REFERENCE CASE 

rz> 
FIGURE 1-2 HELIOSTAT COST COMPARISON 



Installed cost data for the BEC plastic heliostat and the reference heliostat 

data for a "straw man" 50-MWe power plant were input to DELSOL 2 (modified by 

SERI for enclosed heliostats). A plant was designed and busbar energy (BBEC) 

.canputed. Results are ShCMn in Figure 1-3. In total plant teDllS the Second 

Generation heliostat cost is 15% greater than the BEC plastic heliostat. 

However, the heliostat accounts for only part of the BBEC costs (49% for 

Second Generation: 32% for BEC plastic). When Second Generation balance-of­

plant costs are subtracted, one can see the BBEC attrirutable to heliostats. 

Figure 1-4 shows that the Second Generation heliostat costs are approximately 

38% higher than BEC plastic heliostat costs. The added balance-of-plant costs 

caused by plastic heliostats, resulting fran larger field and taller tower, 

are included in this assessment. 

1.2 Conclusion 

This study shows that plastic enclosed heliostats offer a significant 

opp:>rtunity for collector subsystan cost reduction. The Second Generation 

reference case heliostats are estimated to be nearly 40% more expensive. In 

tenus of BBEC for the entire plant, use of plastic heliostats result in a 15% 

overall savings. 
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2. a - S'IUDY GROUND ruLES 

The prlinary objective of the study was to select a size and design optlinized 

plastic enclosed heliostat and compare its energy costs with those of a SNLL 

provided Second Generation glass/steel reference case heliostat. To make the 

comparison consistent Sandia specified the power plant that would be the basis 

for both analyses. The production rate is 50,000 heliostats per year (or 

equivalent area). Table 2.0-1 provides the plant performance requirements and 

analysis assumptions. Heliostat requirements follow Second Generation 

specifications issued by SNLL (see section B in Appendix). 
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Table 2.0-1 System Requirements and Study Assumptions 

Site: 

Location 

Lo~itude 

Latitude 

Altitude 

Tcpography 

Anrual weather factor 

~sign Point: 

Day 

Hour 

Insolation 

Ambient temperature 

Insolation Profile: 

Model 

Precipitable water 

Relative pressure 

Sunshape 

Visibility 

Receiver Subsystem: 

Receiver type 

Worki~ fluid 

Absotptance 

Radiation and convection loss 

Flux limit 

Tower type 

Barstow, CA 

116.S3°W 

34.S7°N 

593m (1946 ft) 

Flat, unrestricted boundaries 

0.S3 

March 21, Day Sl 

Solar noon 

950 Wjm2 

15°C (59°p) 

Meihel 

20mm 

93% of sea level 

Limb-darkened sun 

25 kIn 

Cylindrical external receiver 

Molten salt 

0.965 

0.17 

O.SO MWt/m2 

Concrete (~ 120m) 
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Table 2.0-1 System Requirements and Study Assumptions (continued) 

Electric Power Generation Subsystem: 

Plant ratinJ 

Turbine tYI;e 

Cycle efficiency 

Total parasitic load fraction 

Thermal Energy Storage Subsystem: 

Storage medium 

Solar mUltiple 

Round trip efficiency 

Economic Factors: 

Ca;t basis 

ContinJency 

Spare parts 

Indirect ca;ts 

Capital escalation 

General inflation 

Interest durinJ construction 

Years to construction start 

Plant lifetime 

Fixed charge rate 

Disccunt rate 

Heliostat 1st yr O&M 

Bal. of plant 1st yr O&M 

Plant factor 

9 

50 MWe 

Steam 

0.42 (design point) 

0.399 (off-design) 

0.065 (of gra;s output) 

Molten salt 

1.5 

1.0 

1983$ 

0% 

0% 

16% 

8% 

8% 

10% 

o 
30 years 

15.9% 

9.96% 

1. 7% (glass) 

1.5% 

100% 



3.0 HELIOSTAT CONCEPTUAL DESIGN 

The previoos plastic enclosed heliostat design was prepared by BEe' in 1978 

(Reference 3-1) and is shown in Figure 3-0. It was believed that redesign of 

the base/foundation, pedestal and drive actuator cooid produce additional 

significant cost reductions. The design presented here reflects some 

revisions to the previoos work, but is by no neans canplete. The ultimate, 

least cost enclosed heliostat will require further design effort. 

Figure 3-1 is the heliostat installation drawing. The conceptual design was 

prepared to a level of detail that pecnitted design analysis and reasonably 

accurate component pricing. Additional effort will be required to refine the 

design and produce drawings suitable for prototype fabrication. 

The following paragraphs present the design by canponent. Some canponents 

have changed little from previous studies, others represent new, cost-saving 

approaches. 

3.1 Perfocnance Requirements 

Design of the heliostat was based upon functional, perfom.ance, design and 

construction requirements derived from Sandia's general specification, Al0772, 

from the Second Generation Heliostat Prograu. These requirements were 

allocated to each of the major elements which were to be designed; reflector, 

enc:losure, controls, base-foundation and drive. Requirements are described in 

Appendix B of this volUJre. 

3.2 Reflective Assembly 

The reflective assembly consists of a bi-axially stretched reflective acrylic 

over-coated, aluminized polynethylmethacrylate nembrane bonded to a 

light-weight circular aluminum fraue (Figure 3-2). The overall diameter of 

the reflective assembly is 8.78m (28.8 ft.). This size was selected on the 

basis of the cost/size cptimization as discussed in Section 3.7. The 

reflector is gravity focused by pre-tensioning the reflective membrane during 

10 



..... ..... 

Gimbal drive 
system 

Reflector ---.JII 

assembly 

Access ~ 
hatch 

Elevation View 

Monument pile 

/Protective enclosure 

9.69m 
(31 i -9.6") 
diameter 

.......... 

~Stanchion 
(3 places) 

" Stanchion pile 
(3 places) 

19.8 em (7.8 in.) 
clearance 

Metal dish 

FIGURE 3-0 PREVIOUS BEC DESIGN 



4 

D 

-

c 

B 

I 
/ 

A 

\ ~/ 
---­

" 

VIEW B4 
SCALE.: 0/8·· ,'~O· 

'K.IOOS-I~ 
ElEVATION ..... zjMUnt 
CRlVE N:6"f 

bK"100'-I~ 
PEC€srA.L. 1'66'( 

3 

.SIC.. "002.-1 

$,",'003-' 

SIoU,.IOO2·1 
EN c.L..Ct:lU1i:.E "SI'6E M6"f 

2 
.~ 

I :,~ ..... ~~..:J:~::I~~TOOI~~"~=:: 

1 
_£MmE lOC"TIOfOlfOA~fJ2DI"'IoIEU"'"IV(T 

- HOLE lOC.TION FOil 1I.13Z DI .... ""ETEII IOtl 

--

I 

I 

I 

I 

I 

I 

SKbrOO7-1 

5'1'..L.100,"-1 

5\1.."'100$-1 

SK..,"IO~-I 

,sK.L.IOO30-1 

.5K bIOO2.-1 

D 

c 

B 
PE..OESTAL. ~s.s'1 

aDWER 1t5S'I4 £L£ClR.ICN...l.NCLD.:.U1l.,£ 

A!JMlJTM .. E.l..EV .... ruN. OOVE ~'f 

PILE" .... NCHDR "5S0"'f 

~ECroR.f'trs.s."f 

ENC.Ul5URE .. SA5.e 1'<55"( 

~~~~----------------Ti_ 





assEmbly. This process results in a controlled seq due to gravity. The 

controlled sag produces a parabolic reflector with a predictable focal length. 

The pre-tension stress level is set at different values depending upon the 

heliostat field zone. 

3.2.1 Reflector Frame 

The reflector frame consists of four circular rUn segments, four T-fittings, 

four spokes and a center hub. The rim segrrents use 0.81 an (0.032 in.) wall 

10.2 an (4.0 in.) aluminum allq{ tubing while the spokes are made of 0.12 an 

(0.049 in.) wall 10.2 an (4.0 in.) aluminum allq{ tubing. The T-fittings and 

center hub are aluminum allq{ castings. Reflector frame joints are made by 

adhesive bonding. 

3.2.2 Reflector Membrane 

The reflective membrane is made by adhesive joining panels of 0.010 an 

(.004 in.) thick aluminized pol~thylmethacrylate film. An acrylic overcoat 

is provided to protect the aluminum surface fran oxidation. This material was 

selected over previously specified metalized polyesters because of its 

established resistance to ultraviolet degradation. While polyester is less 

expensive, field testing has failed to provide any long-term weatherable 

polyesters. 

During the course of this study four metalized film material samples were 

received from suppliers for evaluation. Included were: 

Material Supplier 

Acrylic coated, aluminized, PMMA 3M Company 

Acrylic coated, silvered, polyester 3M CCIllpany 

Stainless coated, silvered, polycarbonate 

Stainless coated, silvered, FEP Teflon 

14 

Deposition Technology Inc. 

Deposition Technology Inc. 



The 3M samples were of films currently on the market while the Deposition 

Technology samples were first-try lab samples. The samples were measured for 

specular reflectivity on the Boeing bi-directional reflectameter. The results 

of the measurements are srown in Figure 3-3. The results srow that the 

silvered polyester would be preferred for its high initial reflectivity. This 

material demonstrates the high levels of reflectivity that can be obtained. 

The use of sHver aro the snoothness of the polyester film make the high 

reflectivi ty possible. weatherabili ty, however remains to be proven. 

The silvered polycarbonate hed high reflectivity at large cone angles but 

drq:>ped off considerably at the desired small cone angles. The silvered 

teflon perfoDlled poorly, demonstrating the difficulties of metalized 

fluorocarbons. The aluminized PMMA sample hed a specular reflectivityPs = 

.86 at a cone angle of 0.14°. This material represents reflectivity that is 

available now aro would require minimal development for heliostat 

application. 

3.3 Drive Mechanism 

The azimuth aro elevation drives shown in Figure 3-4 use gearboxes 

specifically designed for the heliostat by the Winsmith Company. The gearbox 

utilizes a planetary reduction gear drive of 15376:1 gear ratio. This drive 

cons ists of two canpound stages of 124: 1 gear ratio each, and all components 

are designed for marufacturing by die cast or powdered metal procedure. 

Each stage has two planet gears meshing with ring gears of identical I.D., but 

with a difference of 2 teeth between stationary and moving ring gear. This 

slinplified design principle has been used successfully on a large number of 

applications, including the aximuth drive for the second generation heliostat 

drives for Boeing. The number of teeth of each stage is the same, 20 for the 

sun gear, 20 for the planets, 60 for the stationary ring gear, and 62 for the 

output ring gear. The difference is in the diametral pitch which is 24 for 

the first, and 16 for the second stage. Efficiency is calculated as 42% 

overall. 
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3-13 are sketches of the concepts of the trade study. Table 3-1 lists the 

results of the study in tenns of cost, technical confidence of attachment and 

suitability to all terrains. A brief description of each concept follows: 

Metal Dish (Figure 3-5) 

This is the concept from the Prototype Heliostat Contract (Reference 3-1) 

which consists of a steel base dish shell which is supported by a steel 

tubular ring am vertical tubular steel supports. The vertical supports are 

connected to imividual concrete, poured in place, foundations. 

Concrete Ring (Figure 3-6) 

The ground is excavated to provide a below grade base and access tunnel. A 

concentric concrete ring of sufficient mass to react pressurization and 

aerodynanic loads is poured in place. The enclosure is fastened to the 

concrete ring with metal strips and fasteners. The inside floor is lined with 

plastic sheeting. The pedestal is attached to a poured in place foundation. 

Concrete Ring-Rebar Truss (Figure 3-7) 

A concrete ring of sufficient mass to react aerodynamic loads and a pedestal 

foundation are poured in place. Rebar trusswork extends up from the concrete 

ring to support the plastic film base shell and enclosure interface. 

Concrete Ring - Pipe strut (Figure 3-8) 

A concrete ring with 4 spokes of sufficient mass to react aerodyamic load is 

poured in place. Pipe struts connect the base ring to the plastic film base 

sll311 ard enclosure interface. The pedestal rrounts to the hub formed by the 

intersecting spokes. This design has no earth penetrations. 

19 
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Concrete Cones (Figure 3-9) 

Equally spaced concrete cones provide the reaction mass to aerodynamic loads. 

Connectors at the top of the cones fasten to the plastic film base 

shel~enclosure interface. The pedestal mounts to a poured in place concrete 

foundation. 

Screw~In Anchors (Figure 3-10) 

Equally spaced ground anchors are cable connected to the plastic film 

base/enclosure interface. The cables are pretensioned such that they retain 

same tension under 90 mph wind loadings. The pedestal mounts to a poured in 

place concrete foundation. 

OVerhead Cable (Figures 3-11, 3-12) 

The heliostat reacts aerodynamic loads through the pedestal and an overhead 

wire rope cable. A plastic film base is used. Load spreading pads must be 

provided at top of enclosure and at intersection of base shell and pedestal. 

Poles capable of supporting the cable and reacting wind loads are required. 

Earth-Filled Plastic (Figure 3-13) 

The ground is excavated to form a cylindrical belew-grade base hole and access 

tunnel. The cylindrical base is installed and partially backfilled with earth 

to provide aerodynamic reaction mass. The pedestal mounts to a poured in 

place concrete foundation. 

3.5.2 Selected Configuration 

Examination of Table 3-1 shews the screw-in anchor concept to be the most 

economical. It can be seen that it's economy lies primarily in lew material 

cost, but is also among the least labor and tcoling intensive. The technique 

of attachment earned medium confidence as compared to the high priced steel 

dish and concrete ring which received high confidence. Terrain versatility 

was also medium compared to the totally above ground concrete ring with pipe 
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CONCEPTS 

METAL DISH 

CONCRETE RING 

CONCRETE RING-REBAR TRUSS 

CONCRETE RING-PIPE STRUT 

CONCRETE CONES 

SCREW IN ANCHORS 

OVERHEAD CABLE 

EARTH FILLED PLASTIC 

INFORMATION SOURCES: 

TABLE 3-1 
ENCLOSURE & REFLECTOR BASES 

TRADE STUDY CONCEPTS 
30 FOOT DIA ENCLOSURE 

Li> [P-
MATERIAL LABOR & TOTAL COST 

TOOLING 1983$ COST COST 

804 287 1091 

503 211 714 

424 180 605 

425. 173 598 

508 176. 684 

322 144 466 

485 163 648 

501 140 641 
---- "----

[> • SUPPLI ER QUOTES 
• PROTOTYPE HELIOSTAT CONTRACT 
• VENDOR CATALOGS 
• ENGR ESTIMATES l?> • MEANS COST DATA 
• PROTOTYPE HELIOSTAT CONTRACT 
• EQUIPMENT SUPPLIERS 
• LABOR RATES: SAND' A H:.LCAT MANUAL + 

ATTACHMENT!SUITABILITY FINAL 
COST RANK I TO ALL RANK CONFIDENCE. TERRAIN 

8 HI LO 8 

7 HI MED 6 

3 MED MED 3 

2 MED HI 2 

6 MED MED 7 

1 MED MED 1 

5 LO LO 4 

4 LO LO 5 

fu> ALTERNATE CONCEPT FOR DIFFICULT 
TO EXCAVATE TERRAIN 

INFLATION 

[t> 

SELEC T .. 



strut which was the only high ratirr;J. The second arrl third ranked concepts 

were essentially equal in cost. The concrete rirr;J with pipe-strut is favored 

because of its terrain irrlependence. This design was selected as the 

alternate base/foundation for difficult soils. 

Figures 3-14 through 3-17 are conceptual drawirr;Js of the selected 

base/foundation. 

Base Shell 

The .01 an (.004 in.) base shell is made by thermoformirr;J Kynar 1100 (Pennwalt 

Kynar/acrylic alloy) in a manner sbnilar to the forming of the enclosure. 

Ins tead of free blowirr;J the shell it will be blown agains t a flat surface to 

form the flat bottcrn srown in Figure 3-14. The pre-form blank diameter will 

be the same as for the enclosure so that matirr;J flarr;Jes will result. Clampirr;J 

angles are provided at the base shell/enclosure interface to assure leak tight 

closure arrl to provide connection points for the ground anchorirr;J systan. An 

air tight port with a removable cover is provided for access durirr;J 

installation arrl for unscheduled maintenance activities over the heliostat 

operational life. (See Figure 3-15.) 

Gramd Anchors 

Six screw-in gra.md andlors provide the reaction to wind induced loads. An 

autanatic installation machine installs the six anchorS arrl augers the 

pedestal pile hole durirr;J a sirr;Jle set-up to assure concentricity. The upper 

errlof the anchor includes an eye to which the tie cable is attached. The 

other en:! of the tie cable is connected to the base/enclosure interface clamp 

arr;Jle. Special toolirr;J allows settirr;J the tie cables to the desired 

pre-tension. An analysis of win:! loads and heliostat reactions (see Section 

3.6) estimated the load in a gra.md anchor to be 3360 lb. in a 90 MPH wind 

(see Figures 3-14, 3-15 an:! 3-16). 
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Pedestal 

The pedestal is a steel reinforced concrete, double tapered, truncated cone. 

It tapers from the ground plane up to the drive connection, and from the 

gra.md plane downward into the hollow pile. It is pre-fabricated on site. 

Details are srown in Figure 3-16 aoo 3-17. !)Jrirq installation the pedestal 

is simply 10Nered into the cast hollow pile which has tapered internal walls 

that mate with the lONer eoo of the pedestal. Concrete-to-concrete friction 

precludes rotary notion durirq reflector operation. The upper eoo of the 

pedestal includes a cast-in nountirq for installation of the drive unit. 

Air Supply 

To limit deflection of the protective enclosure the air supply system 

maintains an enclosure pressure equal to or greater than the wind impact 

pressure generated by a 40 mls (90 MPH) wioo. The simplicity of the system 

results in a high reliability over its 30 year life. A layout of the air 

supply assembly is srown in Figure 3-18. Four components make up the system; 

a prefilter, blONer, a primary filter aoo a pressure relief valve. These 

components are located external to the heliostat in a sheet metal cannister 

above the HC enclosure. The maximum power consumption of the air supply 

system is 15 watts. 

A positive internal pressure 6.9 KN/m2 (0.1 psig) above external ambient 

pressure is required to maintain clearance between the inflated enclosure"and 

the reflector structure durirq specified 40 mls (90 MPH) wind velocity. This 

differential pressure was calculated by integratirq the wioo impact pressure 

distribution over the frontal area of the protective enclosure. 

Ambient temperature aoo pressure variations result in the requirement for 

variable air flow into aoo out of the enclosure. This variable flow rate plus 

steady state leakage are additive. The air supply system must be sized for 

the maximum demaoo, coincidirq with the worst-case climatic conditions, to 

compensate for this flow rate variation. Analysis of climatic data for New 
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Mexico indicates that to maintain constant pressure, flaw rate will vary 

between +0.04 m3/min (+1.48 cfm)to -0.05 m3/min (-1.73 cfm), the minus sign 

indicating flaw out of the enclosure. 

Enclosure leak rate is considered a negative flow and is detennined by 

summing the individual points of leakage. A total leak rate of 0.006 m3/min 

(0.2 cfm) haS been estimated. 

Combining the above rates indicates that the air pump must supply a peak air 

flow of 0.05 m3/min (1.68 cfm) at 6.9 KN/m2 (0.1 psig) and that the enclosure 

must vent a total of 0.043 (1.53 cfm) at 6.9 KN/m2 (0.1 psig). 

In operation, ambient air is drawn through the system prefilter, then a 

primary filter thrwgh the blower and expelled into the enclosure. As srown 

in Figure 3-18 a pressure relief valve has been incorporated in the manifold 

to vent excess blower air and air fram the enclosure which occasionally must 

be relased due to ambient temperature or pressure changes. The pressure 

relief valve incorporates a sharp-edged seat and ball poppet. Relief pressure 

is detennined by the weight of the ball versus the net unseating force 

generated by the internal heliostat pressure. This scheme eliminates springs 

which are difficult to tune and prone to failure. 

Incoming air first passes thrwgh a Gelman type-E glass-fiber depth-filter, 

then thrwgh a Gelman Acrcpor membrane filter with a pore size of 0.45 urn. A 

layer of glass scrim separates the two filter medias. The first filter layer. 

will entrain 99.7% of the total mass of airborne particulate. 99.99% of the 

remaining mass will be filtered out by the membrane layer. 

The various components of the air-supply package are mounted external to the 

heliostat in a fonned sheet metal cannister. The cannister is designed to 

prevent water from entering the system. Pressurized air is transferred from 

the cannister to the heliostat thrwgh a 1.6 om (0.63 in.) diameter air hose 

which connects the ca~nister supply port to a penetration fitting on the base 
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shell. Air flow within the cannister is directed by integral sheet metal 

manifoldiOJ. The bonnet of the cannister is retained by a single wing nut. 

3.6 Enclosure 

The protective enclosive (Figure 3-14) is a transparent fluorocarbon 

(polyvinylidene fluoride) material thermoformed to a spherical shape. The 

spherical enclosure is truncated at a 45° an.;Jle fran the spherical center to 

interface with the base dish (also thermoformed fluorocarbon). Flan.;Jes exist 

on both the enclosure aoo the base shell that are of equal diameter aoo width 

to allaw ma tin.;J ard fastenin.;J. 

The diameter of 9.15m (30.0 ft.) provides a clearance of lS.3an (7.2 in.) fran 

the reflector support rin.;J. This clearance accammodates assembly and 

installation tolerances plus enclosure deflection due to maximum design winds. 

The enclosure film thickness is 0.01 em (.004 in.). 

3.6.1 Material 

Kynar resin produced by Pennwalt is the selected enclosure material. Previous 

experience by BEC with Kynar grade 460 resulted in small thermoformed dcmes 

with measured transmittance of O.SS. Higher values are probable with process 

variations such as surface polishing or anti-reflective coating. Pennwalt 

recently announced a new Kynar grade identified as Kynar 700. The purpcse of 

too new grade is to improve formability throogh reduced viscosity. Most 

prq;Jerties are the same as Kynar 460. BEC tested a laboratory sample of 

oriented 4 mil Kynar 700 and found the specular transmittance to be 0.S7. The 

improved grade 700 may prove to be superior in the thermoformin.;J and extrusion 

process. 

3.6.2 Load Analysis 

Details of the structural analysis which support the design are described in 

the follOWing sub-sections. 
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Design Loads = The principle loads acting on the enclosure are 

Hose caused by the envirorment (wirrl, snCM, ice, arrl 

eartl'x;iuake), arrl the internal static air pressure used to 

sup!;Ort the nernbrane enclosure. Previa..ts studies have srown 

that wirrl loading is the critical environmental load. only 

wirrl loads will be treated here. Undisturbed wirrl above SIlOOth 

terrain is knCMn to assume logarithmic velocity profile, 

according to atJrospheric bc:undary layer theory. Design wirrl 

profiles are caruronly sp3cified by power laws which give 

results similar to a logarithmic description. These take the 

form: 

a 
Vz = VREF __ z __ 

HREF 

where Vz = Wirrl velocity at height Z above gra..tnd 

VREF = Wirrl veloci ty at reference height HREF 

a = Exponent affecting shape of profile 

.. The sp3cification requires that: 

1) heliostats be designed for wirrl according to a !;Ower law with HREF 

equal to ten meters, arrl a equal to 0.15, arrl 

2) heliostats shall survive a maximum wirrl velocity, including 

gusts, of 40 meters p3r secorrl (90 mph) at ten meters above 

the gra..tnd without damage. 

Reference 3-3 gives the follCMing equations for lift arrl drag respectively. 

where KL = Lift ccefficient 

Ko = Drag coefficient 

q = Wirrl dynClllic pressure 

R = lXme radius 
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The lift, drag and pressure lift forces acting on the heliostat due to the 

peak survival wind of 40 meters per second (90 mph) were estimated to be: 

LIFT WAD L = 27 , 500 Newtons (6184 lb.) 

DRIG WAD D = 9,160 Newtons (2061 lb.) 

PRESSURE LIFT = 12,800 Newtons (2881 lb.) 

Transparent enclosure film thickness is controlled by the internal pressure 

and the allowable stress of the film. The internal pressure of 6.9 KN/m2 (0.1 

psig) is exerted to balance the external wind pressure resulting fran a 90 

mph wind (at 32.5 ft. elevation). The yield strength of the oriented 

polyvinylidene fluoride has been measured to be 69.0 MN/m2 (10,000 psi). For 

a 9.1fm (30 ft.) enclosure the film thickness was calculated to be O.Olem 

(.004 in.) using the approach outlined, in feference 3-3. 

feaction to the enclosure/base shell sphere to wind loads is throogh the 6 

ground anchors. Figure 3-19 shows the worst case loading configuration where 

maximum drag occurs in a plane containing 2 anchors; one at maximum tension, 

one nearly relaxed. The reactions of the 6 anchors are shown, wi th the 

maximum reaction = 3362 lb. The anchor systan was designed accordingly (see 

Section 3.5 and Figures 3-14, 3-15 and 3-16). 
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3.7 Size Trade study 

A study was performed to assist in the selection of the most cost effective 

size for the heliostat. Previous studies (References 3-1, 3-4) generally 

selected diameters in the region of 25 to 35 feet. It was believed that a 

better size cpt:imization could be perfooned usi~ the DEISOL and HEICAT codes 

than was previously possible. (Brief discussions of the HEICAT and DEISOL 

codes are given in sections 5.0 and 6.0.). Heliostats in the size ra~e of 8 

feet through 37 feet were considered. 

3.7.1 Plant BuSBar Energy Cost vs. Heliostat Size 

The first analysis was perfooned with the DEISOL code. It was assuned that 

heliostats of all sizes could be fabricated and installed for S50/m2. The 

intent of the analysis was to detennine what effect heliostat size had on 

other plant costs such as land, tower, receiver, etc. The DEISOL code has 

provision for perfectly focused or perfectly flat reflectors. Both cases were 

run. Figure 3.7-1 shows the results of this analysis. 

Larger sizes are favored in tenns of busbar energy costs. For non-focusi~ 

(flat) heliostats greater than approximately 20 feet in diameter size increase 

offers no advantages. For focusi~ heliostats the large size advantage 

continues up thrcugh 30 feet, but appears to be disappeari~. Unless small 

heliostats «20 feet) can be shown to cost less in tenns of S/m2 than large 

heliostats, the conclusion is that the best choice would be for a heliostat 

about 30 feet in diameter. Heliostat installed costs for 3 sizes were 

estimated and are discussed in the follcwi~ paragraphs. 

3.7.2 Heliostat Installed Cost vs. Size 

Installed costs for three sizes, 8 ft., 30 ft., and 37 ft. were est:imated. 

These costs were obtained with the use of HEICAT code. The costs include 

materials, labor, purchased components, factory, land, transportation, and 

economic parameters such as cost of money, inflation, return to investors, 

etc. 
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While detennining costs for the three sizes it became apparent that costs for 

wiring and controls would be constant withrut regard to size. No strategy 

was developed that allowed for reduced wiring and controls costs with reduced 

size. Other heliostat components did not exhibit this problem. Therefore, 

cost estimates were prepared for the three sizes with and without wiring and 

controls costs included. The HELCAT results are sham in Figure 3.7-2. 

Figure 3.7-2 shews that belew 30 ft. the installed cost increases dranatically 

if wiring and controls are ~ncluded. However, even if wiring and controls are 

excluded the cost in $/m2 of the 8 ft. heliostat is 35% higher than the 30 ft. 

heliostat. The graph shews that even if the costs of wiring and controls 

cruld be made constant in $/m2 the relative cost of snall heliostats is 

significantly greater than the large ones for the designs and sizes of this 

study. 

3.7.3 Size Selection 

Both overall plant cost and installed heliostat cost considerations indicated 

that a diameter of 30 ft. is substantially more cost effective than snaller 

diameters. Also, diameters larger than 30 ft. appear to offer little or no 

cost advantage. The size selected for this study was therefore 30 ft. 

3.8 Focusing Study 

The BEC plastic heliostat design utilizes gravity focusing rather than active 

focusing. No provision exists for gravity sag focusing in DEISOL. The DEISOL 

code IIOdel has provision for perfect fOUlsing (focal length - slant range) and 

no-foUlsing (perfectly flat). Neither of these cases would be quite 

attainable for practical reasons. (A perfectly flat reflector would require 

near infinite tensile stress). 

Gravity fOUlsing was approximated by dividing the heliostat field into 

annular zones, detennining average elevation angles and establishing the 

required film stress to obtain the desired gravity sag for each zone. During 

the day the elevation angle would deviate abrut the average. The standard 

deviation was calculated. DEISOL analyses were perfonned for the gravity 

focus approximation and non-focused and perfect focused cases. These analyses 
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provided intercept efficiency versus time of day. Figure 3.8-1 is a plot of 

the 3.cases and the gravity plus l~case (this latter case gives the intercept 

efficiency obtained when the heliostat elevation angles are one standard 

deviation off the average). 

Figure 3.8-1 srows that the s:imulated gravity focus + 16 is quite clooe to 

the perfect focus case except for 4 arrl 5 hours before arrl after solar noon. 

Even then the departure is only about .5% loos in intercept efficiency. 

Since looses in intercept efficiency are made up by adding heliostats to outer 

field raws the .5% loos will be amplified by a factor of perhaps 2 or 3. This 

can be demonstrated by referring back to Figure 3.7-1, a plot of relative 

busbar coot versus heliootat dicrneter for perfect focus and flat mirrors. The 

difference between perfect focus and non-focus for a 30 ft. diameter heliostat 

is abcut 5% in tenns of busbarenergy coots. Returning to Figure 3.8-1, it is 

seen that the intercept efficiency difference between perfect focus and 

non-focus is about 2%. Therefore, approximately 6% greater BBEC would be 

incurred because of 2% decrease in intercept efficiency. S:imilarly, a 1.5% 

increase in BBEC would result fran a .5% decroease in intercept efficiency. The 

1.5%, or approximately 1.65 mils/kW hr, is the additional energy cost due to 

gravity focusing. 

The addi tional energy coots due to gravity focusing can be avoided if active 

focusing can be provided to the reflector a~sembly. The active focusing, 

obviously, will add back sane coots because of required systems arrl hardware. 

An estimate of the heliootat hardware addi t~onal ccsts for active fOC41sing 

that would equal the energy coot avoidance (elimination of gravity costs) can 

be made. Ass\.IllE 40% of BBEC are attributed to heliostat arrl BBEC = llO 
" _. _ ~,' r ,.._~ , • ., 

mils/kw hr. The heliostat portion of the BBEC is then about 44 mils/kW hr. 

Fran above the energy coots avoidance of active focusing is 1.6 mils/kw hr or 

3.6%. If the heliostat installed coot is $2700, the active focusing hardware 

could coot (.036) 2700 = $97.00. If the entire $97.00 is spent on active 

focusing hardware no coot benefit has been realized, since the avoidance 

equals the experrliture. 
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Based upon the above analyses active focusing was not included, since it was 

considered unlikely that active focusing hardware could be provided for much 

less than the break-even allowance of $97.00. The analysis was an 

approximation, however, and further experimental and analytical work in this 

area is warranted. 

Variations in temperature will cause changes in membrane stress. Previous 

work described in Reference 3-1 predicted a change of .± 30% in membrane stress 

across the temperature range of 60°C to -30°C. The gravity focus analysis 

presented in 6.1.2 srowed that the intercepted energy was not very sensit'ive 

to variations in focal length (fran Figure 3.8-1 .999 for perfect focus to 

.977 for flat mirror). 
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4.0 HELIOSTAT MANUFACIURI~ AND INSTALLATION PLAN 

The smaller canponents aro detail parts which are readily shipped by truck or 

rail will be procured fran off-site sources. Large canponents such as the 

reflector, base dish aro enclosure will be manufactured at the Central 

Manufacturing Facility (CMF). Table 4-1 is the make/buy list for heliostat 

canponents. Marufactured canponents are packaged and shipped to the Site 

Assembly' Building (SAB) directly. Assembly of the reflector and final 

assembly of the heliostat prior to field installation will be performed in a 

SAB (see Figure 4-1). 

Final assembly at the SAB includes fabrication of the reflector, assembly of 

the heliostat, aro pressurization of the enclosure. The canpleted heliostat 

is transported to the prepared heliostat site where the pedestal is inserted 

in the pile arrl anchor cable connections are made. The transporter serves 

as the final assembly base as well as the site installation fixture. 

4.1 Marufacturing (CMF) 

The CMF consists of several buildings with a total floor area of approximately 

280,000 ft2 located on 17 acres of land. Production of enclosures, base 

shells arrl reflector membrane material fran polyrrer resins occurs at the CMF. 

Concepts for the CMF buildings are srown in Figure .4-2. 

4.1.1 Enclosure Fabrication 

Two manufacturing lines are required to meet the annual production 

requirements of 50,000 enclosures per year. The lines, as srown in Figure 

4-2, consist of three extruders that take Kynar resin and recycled Kynar scrap 

arrl fonn 8 foot wide strips which are subsequently welded and cut and result 

in prefonns which are then ITOunted in the fixture and thermofotmed 

(thermofonning is desc'ribed in detail in Reference 4-1). The canpleted 

enclosures are packaged for shipment to the SAB. Approximately 120,000 ft2 of 

factory floor space are required. 
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Table 4-1. Make/Buy List 

Make (M) 

I tan Buy (B) Drawing Number 

Reflector structure M SK61003 

Relfector membrane M SK6l003 

. Azimuth/elevation drive B SK6l005 

Controls/wirin:J B 

Enclosure M SK6l002-l 

Air supply B SK6l006 

Base shell M SK6l002-l 

Gramd anchor B SK6l004 

Pile M SK6l004 

Pedestal M SK6l007 
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4.1.2 Base Shell Fabrication 

The two manufacturing lines for base shell production are very slinilar to 

those used in enclosure production. Less factory area (100,000 ft2) is 

necessary because of smaller size of the base and the slinpler handling 

rEquiranents. 

4.1.3 Reflector Membrane Fabrication 

Two PMMi\ extruders provide 36 inch unoriented material to be fed into the 

3-1/2 axial by 3-1/2 la;Jitudinal biaxial orientation frame. Sixty inch wide 

rolls of oriented film are produced. The PMMA film is then aluminized in a 

vacuum rretalizer. Finally an aluminum overooat is applied. The finished film 

rolls are shipped to the SAB where reflector fabrication is performed. 

4.2 Site Assembly (SAB) 

4.2.1 Reflector Fabrication 

The reflector structure parts are assembled and bonded in the SAB. This 

operation is followed by the application of the flat foamed surface shown in 

Figure 3-2. The reflector membrane is also-formed at the SAB by bonding 

ta;Jether 6 strips of rretalized PMMA film manufactured at the eMF. The 

rrembrane is stretched to the desired tension and bonded to the flat surface of 

the reflector structure. 

4.2.2 Heliostat Assembly 

The following is the sequence of heliostat assembly: 
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(l) A base shell ard pedestal are rrounted on the assembly /trans:fXJrter 

fixture. 

(2) The drive unit is installed on the pedestal. Power and signal wires 

are routed ard connected to base penetrations. 

(3) The reflector is installed on the drive unit. 

(4) The enclosure is l<Mered over the reflector ard connected to the base 

shell. Anchor cables are connected to base/enclosure, interface flan;;!e. 

(5) The heliostat is inflated ard pressurized. 

(6) The drive system is operated to verify function and clearances. 

(7) The trans:fXJrter tractor is connected to the fixture in preparation for 

transit to the site. The temporary air supply (on tractor) is 

connected to maintain pressure durin;;! transit. (See Figure 4-3). 

4.3 Heliostat Installation 

Heliostat pedestal piles are installed at the surveyed locations in the field. 

They consist of reinforced tapered, hollON, concrete piles. The installation 

equiprrent consists of a drill platfoIIll ard an anchor drivirg apparatus rrounted 

on a rrotorized tractor vehicie. One set of this equiprent drillin;;! pile 

holes, settirg rrolds ard installirg ground anchors is capable of preparirg 40 

heliostat sites in an eight hour shift. A follON-up vehicle will fill the 

pile rrold with concrete. The pile is allONed to cure and is covered to avoid 

collection of debris. 

The factory assembled, ftlllctionally checked, and internally clean heliostat 

arrives at the site fran the SAB over plant dedicated roads. This vehicle and 

trans:fXJrt fixture is srown in Figure 4-3. The fixture is that utilized in the 

plant assembly process. It provides a clarnpirg sUPJ.Xlrt to the pedestal for 
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(1) A base shell an::! pedestal are rrounted on the assembly/transtprter 

fixture. 

(2) The drive unit is installed on the pedestal. Pcrwer and signal wires 

are routed an::! connected to base penetrations. 

(3) The reflector is installed on the drive unit. 

(4) The enclosure is lowered over the reflector an::! connected to the base 

shell. Anchor cables are connected to base/enclosure interface flange. 

(5) The heliostat is inflated and pressurized. 

(6) The drive system is operated to verify function an::! clearances. 

(7) The transtprter tractor is connected to the fixture in preparation for 

transit to the site. The temtprary air supply (on tractor) is 

connected to maintain pressure during transit. (See Figure 4-3). 

4.3 Heliostat Installation 

Heliostat pedestal piles are installed at the surveyed locations in the field. 

They consist of reinforced tapered, hollcw, concrete piles. The installation 

equipment consists of a drill platfonn an::! an anchor driving apparatus rrounted 

on a rrotorized tractor vehicle. One set of this equiprent drilling pile 

holes, setting rrolds an::! installing ground anchors is capable of preparing 40 

heliostat sites in an eight hour shift. A follow-up vehicle will fill the 

pile rrold with concrete. The pile is allcwed to cure and is covered to avoid 

collection of debris. 

The factory assembled, functionally cheCked, and internally ciean heliostat 

arrives at the site fran the SAB over plant dedicated roads. This vehicle and 

transport fixture is srown in Figure 4-3. The fixture is that utilized in the 

plant assembly process. It prOllides a clamping support to the pedestal for 
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support during transit and installation. The heliostat and fixture is lowered 

until the pedestal seats in the pile. The cables connecting the 

enclosurejbase flange are connected to the ground anchors and cable tension is 

set to the desired values. 

The power connection to the blower is transferred fran tractor power to field. 

The assembly fixture is nON raroved fran the heliostat, returned with the 

transporter vehicle to the SAB, am recycled into the assembly line. 

The poWer am signal wiring connection is nON made to the heliostat 

controller, the ground connection made, am the heliostat is ready for 

functional checkout am alignment processes. 
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5.0 HELIOSTAT INSTALLED COSTS 

Cost estimates were prepared for the component procurement, fabrication, 
assembly and installation of the BEC enclosed plastic heliostat. Prices for 
materials, tooling, transportation and equipment 'and quantities of required 
labor, facilities and land were obtained from manufacturers, previous studies 
or engineering estimates. The HELCAT code was used to compute the "Total 
Required Revenue" in capital dollars per heliostat. This section covers the 
model parameters, estimate inputs and the computed cost by cost breakdown 

structure, profit center and total required revenue. 

5.1 Analysis and Model Inputs 

Pricing was based upon a production rate of 50,000 heliostats per year at a 
central manufacturing facility located in Phoenix, Arizona. Manufactured 

components were shipped by truck to the various southwestern sites and 
assembled in site assembly buildings. All costs are in 1983 dollars. When 
cost data was used from previous studies the data was inflated at 6%/yr to the 
1983 value. Labor rates used were: 

Factory $10.58/hr 
Site Craft - $17.23/hr 
Outside $33.50/hr 

Table 5.1-1 shows the input parameters used in the HELCAT calculations. 

The reflector membrane material is manufactured at the CMF and shipped in 60 

inch wide rolls to the SAB where it is used to make the membranes. Pricing 
for all factory equipment and labor for reflector material is included in CBS 

4410. Also included under CBS 4410 are some equipment and facilities costs 
for the SAB reflector final assembly requirements. 1 The reflector structure 

parts are assembled at the SAB prior to installation of the membranes. 
Transportation costs from the CMF to the SAB are included. 

1Subsequent to completion of the cost analysis it was discovered that the SAB 
facility costs had been included as a factory' cost, being improperly charged 
against 50,000 heliostats per year rather than the 8,000 heliostats at a site. 
Assuming a reusable temporary Butler-type building for heliostat assembly and 
existing site warehousing for other site support activities, the impact on 

site costs would be an approximate 1 1/2 to 2% increase. 
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TABLE 5.1-1 

H E L CAT OPTIONS AND MODEL PARAMETERS 

PARAMETER MATRIX 

1 DURATION OF COST PROJECTION - YEARS 
2 BASE RATE DIRECT LABOR COST - $/HOUR 
3 BASE RATE PROD FACILITY COST - $/SQFT 
4 LAND COST FOR PROD FACILITY - $/ACRE 
5 INFLATION RATE 
6 RETURN TO BOND HOLDERS 
7 RETURN TO EQUITY HOLDERS 
8 COMBINED INCOME TAX RATE 
9 INVESTMENT TAX CREDIT 

10 EQUITY FRACTION 
11 PROPERTY TAX AND INSURANCE FRACTION 
12 PURCHASED MATERIAL SCRAP FRACTION 
13 MAINTENANCE FRACTION 
14 GENERAL AND ADMINISTRATIVE FRACTION 
15 WORKING CAPITAL FRACTION 
16 RAW MATERIAL SCRAP FRACTION 
17 TOOLING LIFETIME (ACCOUNTING) - YEARS 
18 EQUIPMENT LIFETIME (ACCOUNTING) - YEARS 
19 FACILITY LIFETIME (ACCOUNTING) - YEARS 
20 FACILITY CONSTRUCTION PERIOD - YEARS 
21 FACILITY PLANT ENGINEERING FRACTION 
22 FACILITY STARTUP QUANTITY 
23 COST REDUCTION COEFFICIENT - START UP 
24 TOOLING LIFETIME (TAX) - YEARS 
25 EQUIPMENT LIFETIME (TAX) - YEARS 
26 FACILITY LIFETIME (TAX) - YEARS 
27 BASE RATE TRANS COST - $/LB 
28 INDIRECT FRACTION - LABOR 
29 INDIRECT FRACTION - MATERIAL 
30 INDIRECT FRACTION - TOOL'G.EQUIP'T,FAC'Y 

SPECIAL COST 
CATEGORY 

NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

MATRICES 
FACILITY 
$/SQ FT 

40. 
60. 
80. 

100. 
120. 
140. 

O. 
O. 
O. 

LABOR 
$/IIR 

9.00 
12.00 
18.00 
21. 00 
25.00 
30.00 

0.00 
0.00 
0.00 

FACTORY 
10.000 
10.580 
50.000 

20000.000 
.060 
.102 
.166 
.500 
.100 
.800 
.040 
.010 
.020 
.090 
.170 
.030 

5.000 
10.000 
30.000 

3.000 
.100 

20000.000 
.920 

3.000 
8.000 

25.000 
.035 
.270 
.004 
.006 

SITE 
10.000 
17.230 

0.000 
0.000 

.060 

.102 

.166 

.500 

.100 

.800 

.040 

.010 

.040 
0.000 
0.000 

.030 
5.000 

10.000 
30.000 

0.000 
0.000 
0.000 
0.000 
3.000 
8.000 

25.000 
.035 
.300 

0.000 
0.000 

TRANSPORT 
(HlllTS VARY> 

TRANSPORTATION 
10.000 
15.000 

0.000 
0.000 

.060 

.102 

.166 

.500 

.100 

.800 

.040 

.010 

.040 
0.000 
0.000 

.030 
5.000 

10.000 
30.000 

0.000 
0.000 
0.000 
0.000 
3.000 
8.000 

25.000 
.035 
.300 

0.000 
0.000 

650.000 $/TRKLOAD 
130.000 $/TRKLOAD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

• 



The drive actuator was designed by BEC and Winsmith and the production was 
priced by Winsmith. The CBS 4420 factory costs show this item as a flow 
through cost. 

Transportation directly to the site was priced by BEC. 

BEC prepared no design or cost estimate for wiring and controls for the Second 
Generation Heliostat program. It was beyond the scope of the present program 
to perform such a design effort, so the cost estimate was made based upon the 
Second Generation contractor's average. Controls were considered a purchased 
item under CBS 4430, while field wiring was included as a purchased item under 
CBS 4460 (site construction). 

The base shells are thermoformed at the CMF, packaged and shipped to the SAB. 
Pricing for all factory equipment and labor to manufacture preforms and 
thermoform base shells was included in CBS 4440. Also included were costs for 

purchase of air supplies, materials, tooling and labor for miscellaneous parts 
and necessary factory facilities and land. 

Factory costs for the enclosure manufacture included purchase of the Kynar 
resin, preform extrusion tooling, thermoforming equipment, labor, facilities 
and land and appear in CBS 4450. Packaging and transportation costs were also 
estimated. 

CBS 4460, site cost, includes estimated costs for final assembly, field 
wiring, site survey, installation and checkout, initial calibration, and site 
equipment to support these operations. Equipment for cleaning of enclosures 
was also priced. 

Appendix A lists the cost estimates that were input to the analysis. 

5.2 Analysis Results 

A summary of the results of the analysis are shown in Table 5.2-1. (see 
Appendix A for detailed results). A cost matrix of six cost breakdown 
structure headings by three location (factory, transportation, site) 
categories is provided. The total installed cost is seen to be $2636.20 per 

heliostat. For a 59m2 heliostat this converts to $44.68/m2. 
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4410 

327.21 

40.95 

368.16 

TABLE 5.2-1 HELIOSTAT COST ANALYSIS RESULTS 

DRIVES 

4420 

251. 00 

.26 

251.26 

COST SUMMARY BY PROFIT CENTER 

TOTAL REQUIRED REVEHUE 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

CONTROLS FOUNDATION! ENCLOSURE ASSY!INSTALLATION 
PEDESTAL (INCL FIELD WIRING) 

4430 4440 4450 4460 TOTALS BY LOCATION 

417.75 

0.00 

0.00 

417.75 

31S1S.61 

26.00 

0.00 

414.61 

TOTAL FOR TOTAL REQUIRED REVENUE 

527.15 

52.00 

579.15 

9.09 

596.18 

605.27 

2636.20 

1920.81 

119.21 

596.18 
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Figur~ 5.2-1 compares BEC plastic enclosed heliostat costs with the reference 

case. The most impressive savings occur in the reflective assembly and drive 

mechaniem costs. No savings was attempted in the controls category. The cost 

of the plastic heliostat base/foundation plus the protective enclosure was 

about equal to the reference case base/foundation. Site costs (including 

field wiring) were approximately equivalent. 
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6.0 POWER PLANT ENERGY COSTS 

Analyses were perfonned to determine the power plant delivered energy costs, 

or BBEC (bus-bar energy coots). In addition, energy coot sensitivities to 

variations in heliostat capital coot, heliostat O&M coots (operation and 

maintenance) arrl heliostat optical prqJerties (p1:Z) were evaluated. The 

DELSOL canputer code, wi th rrodifications for plastic enclosed helios tats, was 

employed for the analyses. The followillJ paragraphs discuss the analysis 

approaCh, tools arrl results. 

6.1 Plant Performance arrl Cost Analysis 

The objectives of the plant analysis subtask have been to determine the 

performance arrl coot of carrlidate enclosed plastic heliostat designs and to 

canpare the results wi th similar data fran a glass heliostat design. The 

plant analysis approach is illustrated in Figure 6.1-1. Plastic and glass 

heliostat coot arrl performance were evaluated while the non-heliostat 

subsystems were held constant. The study performance requirements and 

analysis assumptions presented earlier in Table 2.0-1 were used to maintain a 

consistent canparison between the two heliostat types. The followillJ 

subsections discuss the analytical tool used to perform these evaluations. 

The reference glass heliostat case will also be presented. 

6.1.1 Plant Analysis Canputer Code 

The analytical tool used to perform the plant performance and coot 

calculations was a rrodified IELSOL 2 code develqJed by SERI (ref. 6.1-1) to 

evaluate enclosed plastic heliostat designs. The rrodified code was canpared 

to the standard DELSOL 2 code (ref. 6.1-2) and was found to reasonably account 

for the additional optical losses experienced with enclosed heliostats. 

The nodifications made by SERI to IELSOL 2 were in two areas: (1) effective 

mirror reflectance, and (2) dane shadowing and blockillJ. These topics are 

briefly discussed in the followillJ paragraphs. 
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Effective Mirror Reflectance 

An enclosed plastic optical analysis must account for two passes of the solar 

energy through the dame material plus one reflection fram the plastic 

reflector. The transmission of the dame material is known to vary with 

incidence argle. Also, the incidence argle between the sun's rays and the 

dame vart, over the dame. This variation also depends up:m the heliostat 

position in the field, time of day and day of year. An analysis was perfonned 

to evaluate these effects on the dame transmittance value. 

The trarsmittance of the dame material is illustrated in Figure 6.1-2. BEC 

has rreasured the transmittance of dame materials as a function of incidence 

argle usirg the test setup illustrated in Figure 6.1-3. Typical transmission 

data nonnalized to the zero incidence value are presented in Figure 6.1-4. 

These data represent the expected incidence argle variation for a 

well-developed, polished plastic film. Also presented in Figure 6.1-4 is 

similar data assumirg transmission throogh a film with an index of refraction 

of n = 1.418. The agreement between the two curves is consistent with similar 

firrlirgs at SERI (Reference 6.1-3). 

The optical nodel considered in integratirg the transmittance over the dame is 

illustrated in Figure 6.1-5. The integration analysis follows that of 
2-

Reference 6.1-4. In that reference, the integrated, 2-pass transmittance, 7: , 
is given by, _'2. 5 A 2.l::.lfd I (1.. '2. )K 

1:; -= 2:.. \::. \)J" iT" l.I a '\r L). +-"\r c.o S ¢ 

where 
K:=O 

" ? ~ I LA"t1r - , integration variables 

W =. ~I\/f?o <.. I J ratio of heliostat radius to dame radius 

~ = incidence argle between solar rays and heliostat nonnal 

A-,:.. = curve fit coefficients obtained fram 2""( ¢ ) data, 

~ ($):: t A I( SIN '2.KS 
~ = incidence ~rgle between incamirg solar rays and normal 

to dame surface 

Least squares curve fittirg made to the data of Figure 6.1-4 produced the Ai:: 

ccefficients srown in Table 6.1-1. These data were used to solve for the 
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integrated transmittance values shown in Figure 6.1-6. These data are 

nondirnensionalized by the square of the normal incidence transmittance. 

several values of the heliostat to dane radius ratio are srown. The w = 0.96 

line would be most typical of BEC enclosed plastic heliostat designs. The 

data in Table 6.1-1 and Figure 6.1-6 are also consistent with similar data 

calOllated by SERI (ref. 6.1-5). 

A further analysis was perfonned to acca,mt for the variation in the incidence 

al'IJle over a typical heliostat field as a function of time of day and day of 

the year. The DELSOL 2 prcgram was used to produce a field layout typical of 

what would be expected for a plastic enclosed heliostat (data fran the BEC 

Prototype Heliostat prcgram, Ref. 6.1-6 was used). With that field layout 

(10864 heliostats, radial stagger pattern), the incidence angle, ~ , between 

the heliostat normal and the incaning solar rays was calculated for each 

sector of the field. Using the integration rnetinds used to produce Figure 
-" 6.1-6 yielded the 1: for each sector of the field. weighting the sector 

_'2. 
values by the 

cal Olla ted. 

number of heliostats per sector, a field-averaged '?:' value was 
-2. 

The we igh ted, field averaged 't is 0.93 times the square of the 

normal transmi ttance. 

Similar calculations can be made as a function of time of day and day of year. 

Trose data are presented in Table 6.1-2. These data srow that the field 
-'2. 

averaged 1:; ranains nearly constant at 0.93 of the nonnal transmittance 

squared. It was concluded that a single, apprq:>riately chosen transmittance 

value could represent the dane transmission over the entire year. For example 

if the nonnal transmittance was 4, = 0.88, then 
-Z, 
1: = 0.93 (0.88)2 = 0.72 

wi th the mirror reflectance value,;o , an effective mirror reflectance value 

can be def ined 

P eff =p xif:' 2 
-2 

assurnil'IJ the above '1: value and f ,;, 0.86, then in this case 

p eff = 0.86 x 0.72 

= 0.62 

This value can be input into the DELSOL 2 prcgram as the heliostat reflectance 

(DELSOL 2 parameter FMIRL). 
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Table 6.1-1. Two Pass Dome Transmittance Curve 
Fit Coefficients 

~ s z. 
1;'-ce) =.r. Ai. SiN .... e 

L-=O 

i Ai 

0 + 0.779685 
1 - 1.101869 
2 + 10.60400 
3 - 35.91640 
4 + 48.03514 
5 - 22.31322 
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TABLE 6.1-2 

Field Averaged, Two-Pass Dome Transmittance 

Data Nonni,lized to Zero Incidence 

DAY OF YEAR 

Hour of Day 354.75 35.38 81.0 126.63 172.25 

__ 0 _____ +_. 9=_14 ______ ~ ~_~ l~. .. ______ .9319 

I .9314 .9314 

.9326 , .9330 

! , 
1 .9318 .9326 .9228 

i -----+------------_.-----.- -
2 .9316 .9315 .9318 .9324 .93·27 

-------+---------_._-----------... --- ._ ... - . 
3 .9323 .9320 .9319 . 9323 .9326 

! -------r 
4 i .9327 .9326 .9326 .9324 

------_. -- ._---------------_._------.- .. --- .. 

5 .9332 .9331 .9327 

6 •. 9335 .9331 

Daily Average .9316 .9316 .9320 .9326 .9327 

, Hours 

Operation 6.61 7.73 9.61 11.08 11.69 

Plant Stop 

Time 

(Zenith-75°) 3.31 3.86 4.80 5.54 5.84 
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D.:roe Sha::lowin;;J am Blockin;;J 

The major rrodification made by SERI to the DErsOL 2 code was to add a 

calculation of shadowin;;J am blockin;;J due to the dane enclosure material. The 

additional shadowin;;J am blockin;;J is illustrated in Figure 6.1-8. Heliostat 

nurrber 1 shadows a part of heliostat number 2. The shadowin;;J of mirror 2 by 

mirror 1 represented by area Al YKJUld be calculated by the normal DErsOL 2 

rootines. However, the dane shadowin;;J represented by region A2 would not. 

Also, since the enclosure ma terial is not opaque, the dane "halo" region must 

account for the dane transmission. The SERI rrodifications used to calculate 

tre dane shadowin;;J are A2 weighted by the ra::lial intensity function of the 

partially transmittin.;J dane material. This dane shadowin;;J am blockin;;J factor 

is then ad~d to the mirror shadin;;J am blockin.;J factor. 

A first order estimate of the dane shadin;;J am blockin.;J can be made by 

considerin;;J the halo re;jion of the dane as bein.;J opaque. Using the same 

geanetry as in Figure 6.1-8, the total shadowin;;J by mirror plus dane would be 

given by 

So+M = A] + A2 = Al (1 + A2 ) 

As As Al 

without the dane, the blockin;;J is given by 

8m = AI/As 

These ratios can be calculated am plotted against the heliostat centerline to 

centerline spacing as shown in Figure 6.1-9. These data show that the dane 

shadowin;;J is only important when the heliostats overlap slightly, i.e., when 

the centerline-to-centerline distance is > 1.7 dame radii. Figure 6.1-9 shows 

the dane addin.;J about 28% rrore at 1.7 dane radii or 58% more at 1.8 dane 

radii. 

These data show that dane shadowin;;J am blockin;;J losses should add at most 

0.01 to the total plant shadowin;;J am blockin.;J loss factors. This result is 

consistent with previous BEC dame shadowin;;J am blockin;;J evaluations (ref. 

6.1-6) • 
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6.1.2 Gravity Focus Analysis 

A plastic membrane reflector stretched over a support ring will deflect 

causing a catenary-type surface. For the small membrane deflections 

experienced in the BEC reflector, the surface is very nearly a paraboloid. 

wi th the assumption of a parabolic surface, the focal length, f, of the 

gravity focused rrembrane can be calculated as a function of the rrembrane 

stress,cr, the membrane density, Pm ' arrl the elevation artJle,O<, by the 

followirtJ 

This relatiohship is illustrated in Figure 6.1-10. The mirror elevation angle 

can be calculated as a function of position in the field, time of day arrl day 

of the year. AssumirtJ a constant membrane stress bf () = 1000 psi arrl a 

rrembrane density ofP .... = 0.043 lbn/in3 , the focal lertJth can also be 

calculated over the field. As can be seen the focal lertJth varies both 

rcdially arrl azimuthally arcund the field. As the sun !rOves, the elevation 

arlJ Ie arrl hence the focal lerlJth change. 

The rnISOL 2 heliostat focusing options are: no-focus (flat mirrors), focal 

lerlJth equal to slant rartJe (perfect focus) arrl user defined focal lengths. 

The last option is interrled to allow a selection of focal lertJth in each 

heliostat row radially from the tower. However, to calculate annual 

perfonnance arrl optimize the field size, tower height, and receiver 

dimensions, the focal lertJths per row are maintained constant. There does not 

exist a heliostat computer code which will allow the continuously chartJing 

reflector focal lertJth. 

In order to produce an approximation to the gravity focus case, a DEISOL 2 run 

was made for a perfectly focused heliostat, Le., all focal lengths were set 

equal to the slant rarlJe. With this field layout, the gravity focused focal 

lerlJths that would be experienced were calculated for each field sector for 

the afternoon of day 81, March 21. The average focal length in each radial 

row was calculated. Also calculated was the standard deviation for each focal 

lerlJth average. An oour-by-hour perfonnance calculation was made using DEISOL 

2 arrl the gravity focused focal lengths. The resultirlJ perfonnance data were 
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canpared to the perfect focus and no -focus data for the same heliostat field. 

These data have been previously presented in Figure 3.8-1. 

6.1.3 Enclosed Heliostat Performance 

Figure 6.1-11 presents the design point and annual average plant performance 

for the selected enclosed plastic heliostat design. 

6.2 Glass Heliostat Reference Case Performance 

The heliostat design and performance data listed in Table 6.1-3 were provided 

by sandia based on their evaluations in the second generation heliostat 

prcgram. The ccst data supplied by Sandia were in 1980$. The cost basis for 

this study is 1983$. An inflation rate of 6%/year was assuned to bring 

canponent ccsts to 1983 levels. The assUIred unit ccst data are presented in 

Table 6.1-4. 

Based on the performance requirements of Table 2.0-1, the helicstat 

perfonnance of Table 6.1-3, and the unit cost data of Table 6.1-4, the 

TOCJdified [EISOL 2 code was employed to produce an optimized system design. The 

field layout is illustrated in Figure 6.1-12. The design point and annual 

avera:;Je plant perfonnance is given in Figure 6.1-13. Table 6.1-5 presents a 

st.rrnrrary of the plant design and ccst data. The estimate of busbar energy ccst 

fran this system is 127 mils/kWhr. 

6.3 Heliostat ~ration am Maintenance 

~ration am maintenance ccst expressed as a percent of installed cost is the 

required input to [EISOL. ~rations ccsts consisted primarily of a plant 

operator, labor am electrical power required by the blowers, drives and 

controls. Maintenance is divided between materials (am equipment) and labor. 

Needed materials include washing materials, filters and pre-filters, 

replacement parts, and the scheduled replacement enclosures. Labor 

requirements are scheduled (enclosure replacement, heliostat washing, filter 

changes, alignment checks) and unscheduled (replacement of failed components). 

The ccst of the enclosure replacement machines is included as a maintenance 

item. Heliostat washing equiprrent and maintenance trucks were included in 

heliostat capital ccsts under CBS 4460, Site Costs. 
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Table 6.1-3. Reference Heliostat Performance Data 

Helfostat width 
Helfostat height 
Reflectivity 
Ratio of mirror area 
to total area 

Canting 
Cant focal length 
Panel focal length 

No. of cant panels 
Std. deviation elevation 
Std. deviation azimuth 
Std. deviation surface normal 
Std. deviation reflected vector 

82 

8.66m 
6.86m 
0.92 

0.957 
on axis 
slant range 
2.0 tower heights vertfcal 
6.0 tower heights horizontal 
14 
0.0002 
0.0002 
0.0012 (horiz. and vert.) 
0.0000 (hor;z. and vert.) 



Component 

Hel i os tat (i ncl. wi ri ng) 
Land 
Tower cost parameters 

Ref. receiver cost 
Ref. receiver area 
Ref. rec. pump cos t 
Ref. storage pump cost 
Ref. piping cost - hot 
Ref. piping cost - cold 
Ref. TES containment cost 
Ref. TES medi urn cos t 
Ref. heat exch ange r cos t 
Ref. EPGS cost 
Fixed cost 

Table 6.1-4. Unit Cost Data 
1983$ 

DEL SOL 2 
Vari able 

CH 
CL 

CTOW1 
CTOW2 
CTOW3 
CREC1 
ARECRF 
CRPREF 
CSPREF 
CHPREF 
CCPREF 
CSTREF 
CSTRMD 
CHEREF 
CEGREF 
CFIXED 

* 113.15 (1983$) = 95 (1980$) x (1.06)3 
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Unit Cost ----

113.15$/M2* 
2.50 $/M2 
3.403 X 106$ 

-2.622 X 104$/m2 
1.6534 X 102 $/M2 
2.92 X 106 

1084m2 

7.539 x 105$ 
1.6966 x 105$ 
1.483 x 104 $/m 
O. $/m 
5.161 x 106$ 
3.618 x 106$ 
1.7135 x 106$ 

30.67 x 106$ 

7.865 x 106$ 
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Table 6.1-5. Glass Heliostat Reference Case Plant Design Summary 

Number of heliostats 6609 
Land area, km2 1.94 
Mirror area, km2 0.37 
Tower hei ght, m 110m 
Receiver height, m I6.8m 

width, m 12.0m 

% 

Direct capital cost, 106$ 85.59 100 
Land 4.85 5.67 
Heliostat 41.95 49.01 
Tower 2.58 3.01 
Receiver 2.04 2.38 
Piping 3.17 3.70 
Pumps 0.37 0.43 
Storage 5.83 6.81 
EPGS 16.09 18.80 
Heat Exchangers 0.86 1.01 
Fixed 7.87 9.19 
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A canp:ment reliabili ty analysis was performed by the Boeing Aerospace Canpany 

on the plastic heliostat design to determine failure rates for blowers, 

filters, drive actuators, drive notors ard ground anchor assemblies. Control 

system failure rate data was determined for the BEC Prototype Heliostat study 

(Reference 3-1) ard was used again here. 

Heliostat washing costs were based on the BEC Second Generation estimate of 8 

washes per year, using 3 machines with 2 cperators per machine. Approximately 

$8.00 per year per heliostat for washing materials was allotted. 

Table 6.3-1 surmarizes first year maintenance ard operation costs in terms of 

$/heliostat ard $;m2. The total cost is $1.94/m2 which equates to 4.34% of 

the heliostat capital cost of $44.68;m2. 
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Table 6.3-1. O!;eration and Maintenance Cost Summary 

Element 

Maintenance 

Materials: 

Enclosure replacement 

Encl. repl. machines 

washin;;J rna t ' L 

Filters/prefilters 

26 gearboxes 

124 rrotors 

98 blowers 

3 danes 

3 refl. 

3 bases 

67 HC 

Labor - Unscheduled 

HC repairs 

Drive (G-box + rrotor) 

Blower 

Enclosure 

Reflector 

Base 

-Scheduled 

Enc. replace 

Enc. Wash 

Filters 

Align. check 

Field O!;erations 

Field Power 

Blower, drives, controls 

TOI'ALS 

% O/M = 1.94 x 100 = 4.34 

44.68 
88 

S/Hel.-Yr. 

39.17 

1.39 

8.00 

.40 

4.84 

3.66 

.25 

.11 

.00 

.01 

.01 

4.39 

24.97 

.56 

1.72 

15.90 

9.56 

114.94 

.66 

.024 

.13 

.006 

.082 

.062 

.004 

.002 

.000 

.000 

.000 

.074 

.423 

.009 

.029 

.269 

.162 

1.94 



6.4 Bus-Bar Energy Cost 

Results fran the DEISOL analyses are given in Table 6.4-1. The levelized BBEC 

was detennined to be 110 mils/k~hr for the BEC plastic heliostat. This 

canpares to 127 mils/k~hr for the reference case heliostat. Figure 6.4-1 , 
srows side-by-side canparisons of the two power plant cases. 

At first glance one might conclude that the reference case heliostat costs 

only 16% rrore than the plastic heliostat. HCMever, the heliostat only 

accounts for 31.7% and 49.0% of the plant costs for plastic and reference 

case, respectively. W1en balance of plant costs are subtracted a rrore 

realistic picture of cost advantage is seen. Figure 6.4-2 makes this 

canparison, which is srown to be approximately 38%. 
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Table 6.4-1. BEC Plastic Heliostat Power Plant Description 

Heliostat 

Heliostat refl. area: 59.03m2 

Heliostat optical performance:~~2 = .75 
Heliostat installed cost: $44.68/m2 

Levelfzed first year heliostat OIM cost: 4.34~ 

Plant 

Elec. power: 50MWe 
Tower height: 140 meters 
Receiver dimensions: Diameter - 12.0 meters 

Height - 17.25 meters 
Number of heliostats: 8018 
Land area: 2.424krnZ 
Plant cost: $66.63 x 106 

Heliostat costs: $21.15 x 106 

Balance of plant cost: $45.48 x 106 

Annual elec. production: 167,243 MWe-hr 

Levelized BBEC: 110.49 mils/kW-hr 
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6.5 SensitiviEv Analyses 

6.5.1 BBEC Sensitivity to Heliostat Capital Cost 

Energy costs were detecnined for the BEC plastic and reference heliostats with 

the values for installed costs increased by 30% and decreased by 30%. These 

data, along with baseline values are plotted in Figure 6.5-1. The 

sensitivities are identified by the slopes of the plots. For one dollar of 

savings· per square meter the BEC plastic heliostat would save 0.95 mils/k~hr, 

while the reference Second Generation heliostat would save 0.57 milsl k~hr. 

Figure 6.5-2 is a non-dimensionalized plot of sensitivities. In this fonn the 

differences in absolute costs are ignored and the relative sensitivities are 

canpared. Fran this point of view the reference heliostat is rrore sensitive 

to capital cost variations. 

6.5.2 BBEC sensitivity to aiM Cost 

Energy costs were detecnined for the BEC plastic and Second Generation 

reference case heliostats with the values for aIM costs increased by 30% and 

decreased by 30%. These data, along with baseline values are plotted in 

Figure 6.5-3. The sensitivities are identified by the slopes. For one 

percent of savings the BEC plastic heliostat would save 3.92 mils/k~hr, while 

the reference Second Generation heliostat would save 7.76 mils/k~hr. 

Figure 6.5-4 is a non-dirnensionalized plot of aiM sensitivities. In this fonn 

the differences in absolute costs are ignored and the relative sensitivities 

are canpared. Fran this point of view the BEC heliostat is rrore sensitive to 

aIM cost variations. 

6.5.3 BBEC sensitivity to Optical Properties 

Energy costs were detennined for the BEC plastic heliostat with values for~'l2 

for enclosure and reflector materials now available, for the baseline 

materials am for theoretically optllntnn materials. fY L 2 values are: 
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.67 

.75 

.85 

Materials 

Aluminized PMMA; Kynar 

Aluminized PMMA; Specular Kynar 

sil vered film; AR coated Kynar 

BBEC data is plotted in Figure 6.5-5. The plot is approximately linear, with 

the slq:Je' iroicatirYJ the sensitivity. For one unit ofp't'2 improvement, .8 

mil/kr}-hr savirYJs \\UIld be realized. For instance, if the baseline value of 

.75 is improved to .85 (ten units) I an improvement of 8 mils/kW-hr \\UIld 

result. Obviously I improvements in 1"' are the most effective. 
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7.0 CONCLUSIONS AND REcx:MMENmTIONS 

7.1 Conclusions 

Plastic enclosed he1iostats offer a significant opportunity for collector 

subsystem cost reduction. In this study the reference case glass heliostat 

was estimated to have a lS0% higher capital cost and nearly 40% higher busbar 

energy cost cost for a SO-MWe power plant. Further analysis and develq;ment 

is needed to arrive at the optimum design and to evaluate the payoff rrore 

precisely. 

7.2 Recommendations for Future Research and Develq;ment 

Areas identified as requiring further research and development are discussed 

here. The I'.Ork is cata;;lorized into "near tenn" and "longer tenn" depending 

upon whether the period of accanplishnent l'.Ould be in the next year or before 

1990. 

7.2.1 Near Tenn (1983-1984) 

Design and cost analyses should continue to detennine capital and busbar 

energy costs at high production rates of about 2S0,000 heliostats per year. 

This production rate is approxbnately what l'.Ould be required to provide 1000 

to 2000 MWe additional power per year. It is also the rate at which the 

minimum achievable capital cost is expected to occur. Commercial 

fabricator(s) would be employed to assist with the production analysiS and 

pricing. 

Design and fabrication of scale model prototypes is recommended. Canplete 

heliostats in the diameter range of 7 to 10 feet should be fabricated and 

installed in the field at a southwestern U.S. site for long tenn exposure 

tes ting • Thennofonned KYNAR enclosures l'.Ould be preferred, but gore-fonned 

enclosures could be provided at sane cost savings. Experience fran these 

prototypes would be applied to a next generation of larger prototypes. 
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While gravity-sag focus was favored over active focus using the analytical 

tools available at this t:ime, it is recCllllleooed that a rrore tooroogh analysis 

be J;:erfonned. This would require sane code writing or possible rrodification 

of the existing DELSOL code. 

7.2.2 Longer Tenn (Before 1990) 

Themofonning of large dianeter enclosures in at least 2 or 3 steps is 

recanneooed. This will allow step-wise process development before canmitting 

to the large eXJ;:ense of a final, large themofonning facility. Diameters 'of 

less than 10 feet, 20 feet aoo finally 30 feet are envisioned. Optical aoo 

mechanical properties evaluations would be J;:erfoDmed at each size level to 

verify process controls before rroving on to the next size. 

A continuing materials development prOJram is essential to obtain optimum 

perfonning polyrreric films. Reflectivity improvements may be realized through 

surface improvements of the metallized PMMA or posible silverization of PMMA 

or KYNAR. Dnprovements in the transmissivity of KYNAR may be achieved by 

surface coatings or treatments. In addition alternate materials soould be 

investigated on a continuing basis. 

New ideas in the area of wiring aoo controls soould be pursued. At this time 

these costs account for aboot 30% of the capital cost of a plastic heli05tat 

and are assumed fixed witOOut resJ;:ect to heliostat size. 
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H E L CAT OPTIONS AND MODEL PARAMETERS 

MODEl OPTIONS 
STRAIGHT LINE DEPRECIATION 
WITH NO LEARNING CURVE COST REDUCTION 

PARAMETER MATRIX 

1 DURATION OF COST PROJECTION - YEARS 
2 BASE RATE DIRECT LABOR COST - '/HOUR 
3 BASE RATE PROD FACILITY COST - $/SQFT 
4 LAND COST FOR PROD FACILITY - $/ACRE 
5 INFLATION RATE 
6 RETURN TO BOND HOLDERS 
7 RETURN TO EQUITY HOLDERS 
8 COMBINED INCOME TAX RATE 
9 INVESTMENT TAX CREDIT 

10 EQUITY FRACTION 
11 PROPERTY TAX AND INSURANCE FRACTION 
12 PURCHASED MATERIAL SCRAP FRACTION 
13 MAINTENANCE FRACTION 
14 GENERAL AND ADMINISTRATIVE FRACTION 
15 WORKING CAPITAL FRACTION 
16 RAW MATERIAL SCRAP FRACTION 
17 TOOLING LIFETIME (ACCOUNTING) - YEARS 
18 EQUIPMENT LIFETIME (ACCOUNTING) - YEARS 

~19 FACILITY LIFETIME (ACCOUNTING) - YEARS 
120 fACILITY CONSTRUCTION PERIOD - YEARS 
~1 FACILITY PLANT ENGINEERItIG FRACTION 

22 FACILITY STARTUP QUANTITY 
23 COST REDUCTION COEFFICIENT - START UP 
24 TOOLING LIFETIME (TAX) - YEARS 
25 EQUIPMENT LIFETIME (TAX) - YEARS 
26 FACILITY LIFETIME (TAX) - YEARS 
27 BASE RATE TRANS COST - a/LB 
28 INDIRECT FRACTION - LABOR 
29 INDIRECT FRACTION - MATERIAL 
30 INDIRECT FRACTION - TOOL'G,EQUIP'T,FAC'Y 

SPECIAL COST 
CATEGORY 

NUrlll ER 
1 
2 
3 

" 5 
6 
7 
8 
9 

MATRICES 
FACILITY 
$/SQ FT 

'10 . 
60. 
80. 

100. 
120. 
1 (,0. 

o. 
O. 
O. 

LABOR 
$/IIR 

9.00 
12.00 
18.00 
21.00 
25.00 
30.00 

0.00 
0.00 
0.00 

FACTORY 
10.000 
10.580 
50.000 

20000.000 
.060 
.102 
.166 
.500 
.100 
.800 
.040 
.010 
.020 
.090 
.170 
.030 

5.000 
10.000 
30.000 

3.000 
.100 

20000.000 
.920 

3.000 
8.000 

25.000 
.035 
.270 
.004 
.006 

SITE 
10.000 
17 .230 

0.000 
0.000 

.060 

.102 

.166 

.500 

.100 

.800 

.040 

.010 

.040 
0.000 
0.000 

.030 
5.000 

10.000 
30.000 

0.000 
0.000 
0.000 
0.000 
3.000 
8.000 

25.000 
.035 
.300 

0.000 
0.000 

TRANSPORT 
(UNITS VARY> 

TRANSPORT A TI ON 
10.000 
15.000 

0.000 
0.000 

.060 

.102 

.166 

.500 

.100 

.800 

.0(.0 

.010 

.040 
0.000 
0.000 

.030 
5.000 

10.000 
30.000 

0.000 
0.000 
0.000 
0.000 
3.000 
8.000 

25.000 
.035 
.300 

0.000 
0.000 

650.000 $/TRKLOAD 
130.000 $/TRKLOAD 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

REFERENCE QUANTITY, COST REDUCTION COEFFICIENT 

FACTORY SITE/TRANSPORT 
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BEC Pl~STIC SELECTED DESIGN B 

... 410 F~CTORY COSTS 

KEY TO ENTRY TYPES 

M=R~I~ NATERIALS P=PURCHASED M~TERIALS 
T=TOOLING 

L=DIRECT LABOR HOURS 
E=EQUIPMENT • 
Q=QUANTITY 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FOR PRODUCTION F~CILITY 
Y=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ENTRY TYPE=M 4410 
SOURCE:RYERSON 

ENTRY TYPE=M 4410 
SOURCE: ROIlM&flAAS 

ITEM 

REFLECTOR STRUCTURE 

REFLECTOR MEMBRANE PMMA RESIN 

ENTRY TYPE=M 4410 REFLECTOR MEMBRANE ADHESIVES 
SOURCE:BEC PROTOTYPE 

ENTRY TYPE=E 4410 PROCESS EQUIP. PMMA EXTRUDER 
SOURCE:PENNW~LT EST. 

ENTRY TYPE=E 4410 PROCESS EQUIP. BIAXIAL ORIENT. 
> SOI)RCE:PENNW~LT EST. 
I 

mENTRY TYPE=E 4410 PROCESS EQUIP. METALIZER 
SOURCE:AIRCO TEMESCAL 

ENTRY TYPE=E 4410 
SOURCE:BEC EST. 

ENTRY TYPE=E ...... 10 
SOURCE: PEHNI·J~L T 

ENTRY TYPE=E ...... 10 
SOURCE:BEC EST. 

ENTRY TYPE=E ... <,I 0 
SOURCE:BEC PROTOTYPE 

ENTRY TYPE=L ...... 10 
SOlJRCE:BEC EST. 

ENTRY TYPE=B 4'tl0 
SOlJRCE:BEC 

ENTRY TYPE=A ... 410 
SOlJRCE:BEC 

ENTRY TYPE=Q 4410 

PROCESS EQUIP. COATER 

PROCESS EQUIP. SCRAP GRINDER 

PROCESS EQUIP. MEMBRANE PANELS 

PROCESS EQUIP. MEMBR TO STRUCTURE 

FACTORY LABOR REFL. MEMBRANE CMF 

REFLECTOR FACILITIES CMF 

REFLECTOR LAND CMF 

REFLECTOR QTY/YR 

QUANTITY UNITS UNIT TOTAL 
COST COST 

162.00 / HELIOSTAT 

20.14 / IlELIOSTAT 

10.71 / IlElIOSTAT 

500000. 

2000000. 

6000000. 

1000000. 

50000. 

150000. 

1660000 . 

.14~OE+01 HRS / HELIOSTAT 

.6000E+05 SQFT 

.4000E+01 ~CRE 

.5000E+05 /YR 



):0 
I ..... 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= 192.85 $/fIELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 1.4400 
TOTAL CONSUMABLES= 0.00 $/HELIOSTAT 
LAND REQUIRED= 4.0000 ACRES 
PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 
TOTAL EQUIPMENT COST= 11360000. $ 
TOTAL TOOLING COST= O. $ 
QUANTITY= 50000. / YEAR 

TOTAL DIRECT LABOR COST= 15.24 $/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 3000000. $ 

HRS/HElIOSTAT 

60000. SQ FT 



BEC PLASTIC SELECTED DESIGN B 

4420 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS 
S=SUprLIES AND CONSUMA8LES 
B=BUIlDING OR FACILITY SIZE 
X=TRAHSPORTATIOH REQUIREMENTS 

P=PURCHASED MATERIALS 
T=lOOLING 
A=lAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q=QUANTI TY 
Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTI TY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Z 4420 
SOURCE: WINSMITH 

ENTRY TYPE=Q 4420 

GIMBAL ACTUATOR 

GIMBAL QTy/YR 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TorAL RAW MATERIALS= 0.00 $/HELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 
TOTAL CONSUMABlES= 0.00 $/HELIOSTAT 
LAND REQUIRED= 0.0000 ACRES 
PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 

~ TOTAL EQUIPMENT COST= o. $ 
00 TOTAL TOOLING COST= O. $ 

QUANTITY= 50000. / YEAR 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 251.00 

251.00 / HELIOSTAT 

.5000E+05 /YR 

HRS/HELIOSTAT 

O. SQ FT 

$/HELIOSTAT 



BEC PLASTIC SELECTED DESIGN B 

~~30 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS 
S=SUPPLIES AND CONSUMABLES 
B=BUIlDING OR FACILITY SIZE 
X=TRANSrORTATION REQUIREMENTS 

P=PURCHASED MATERIALS 
T=TOOlING 
A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LABOR HOURS 
E=EQUIPMENT . 
Q=QUANT ITY 
Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=Z 4430 CONTROLS 399.00 / HELIOSTAT 
SOURCE:2ND GEN CONTRACTOR AVG 

ENTRY TYPE=Z 4430 CONTROLS BCS 18.75 / HELIOSTAT 
SOURCE:SANDIA 2ND GEN 

ENTRY TYPE=Q 4430 CONTROLS QTY .5000E+05 /YR 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT 

~ TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 
I TOTAL COIISUMABlES= 0.00 $/HELIOSTAT 
~ LAND REQUIRED= 0.0000 ACRES 

HRS/HELIOSTAT 

PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= O. SQ FT 
TOTAL EQUIPMENT COST= O. $ 
TOTAL TOOLING COST= O. $ 
QUANTITY= 50000. / YEAR 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 417.75 $/HELIOSTAT 



BEC PLASTIC SELECTED DESIGH B 

~~~O FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASED MATERIALS 
T=TOOLING S=SUPPlIES AND COHSUMABLES 

B=DUILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=lAHD FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

ITEM QUAHTITY 

EHTRY TYPE=M 44~0 BASE DISH KYHAR 
SOURCE: PEHtH'JAl T 

EHTRY TYPE=M 4~40 SUPPORT/FOUNDATIOH/BLOWER 
SOURCE:BEC 

EHTRY TYPE=S 4440 BASE PACKAGIHG 
SOURCE:8EC 

EHTRY TYPE=T ~440 TOOLIHG KYHAR EXTRUSIOH CMF 
SOURCE:PENHWALT/BEC 

~HTRY TYPE=T 4440 TOOLIHG KYHAR THERMOFORMIHG CMF 
I SOURCE:PENNWALT/BEC .... 
ctNTRY TYPE=T ~~~O TOOLIHG SUPPORT PARTS CMF 

SOURCE:BEC 

EtHRY TYPE=L ~4~0 LABOR KYNAR TltERMOFORMING CMF .1000E+01 
SOURCE:8EC 

ENTRY TYPE=L ~~~O lA80R SUPPORT PARTS CMF .5500E+00 
SOURCE:BEC 

EHTRY TYPE=8 ~440 BASE FACILITY CMF .1000E+06 
SOURCE:BEC 

ENTRY TYPE=A ~440 BASE LAHD .6000E+01 
SOURCE:BEC 

ENTRY TYPE=Q 4 l t(tO BASE QTY .5000E+05 

TOTAL PURCHASED MATERIAlS= 0.00 $iHElIOSTAT 
TOTAL RAW MATERIALS= 271.00 $/IIELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 1.5500 IIRS/IlELIOSTAT 
TOTAL CONSUMABLES= 4.00 $/IIElIOSTAT 
LAND REQUIRED= 6.0000 ACRES 
PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 100000. SQ FT 
TOTAL EQUIPMEtlT COST= O. $ 
TOTAL TOOLING COST= 2000000. $ 

L=DIRECT LABOR HOURS 
E=EQUIPMEHT 
Q=QUAHTITY 
Z=SUBCOHTRACTS AHD FLOW-THROUGH EXPENSES 

UHITS UHIT TOTAL 
C6ST COST 

108.00 / HELIOSTAT 

163.00 / HELIOSTAT 

4.00 / HELIOSTAT 

1200000. 

600000. 

200000. 

HRS / HELIOSTAT 

HRS / IlELIOSTAT 

SQFT 

ACRE 

/YR 
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BEC PLASTIC SELECTED DESIGN B 

4450 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RIIW MATERIALS 
S=SUPPLIES AND CONSUMABlES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTIITION REQUIREMENTS 

P=PURCHASED MATERIALS 
T=TOOlING 
A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LABOR HOURS 
E=EQUIPMEHT . 
Q=QUANTITY 
Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANT lTY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=M 4450 
SOURCE:PENHl4AL T 

ENTRY TYPE=S 4450 
SOURCE:BEC 

ENCLOSURE KYNAR 

ENCLOSURE PACKAGING 

ENTRY TYPE=T 4450 ENCOSURE TOOLING EXTRUDER CMF 
SOURCE:PENNWALT/BEC 

ENTRY TYPE=T 4450 ENCLOSURE TOOLING THERMO FORM CMF 
SOURCE:PENHWALT/BEC 

~tHRY TYPE=L 4450 
I SOURCE:BEC .... 

N 
ENTRY TYPE=B 4450 

SOURCE:BEC 

ENTRY TYPE=A 4450 
SOURCE:BEC 

Et!TRY TYPE=Q 4450 

FACTORY LABOR CMF 

ENCLOSURE FACILITY CMF 

ENCLOSURE LAND 

ENCLOSURE QTY 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= 364.00 $/HELIOSTAT 

.2500E+Ol HRS / HELIOSTAT 

.1200E+06 SQFT 

.7000E+Ol ACRE 

.5000E+05 /YR 

TOTAL CBASE RATE COST CATEGORY) DIRECT LABOR= 2.5000 HRS/HELIOSTAT 
TOTAL CONSUMABLES= 8.00 $/HELIOSTAT 
LAND REQUIRED= 7.0000 ACRES 
PRODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 120000. SQ FT 
TOTAL EQUIPMENT COST= O. $ 
TOTAL TOOLItlG COST= 2550000. $ 
QUANTITY= 50000. / YEAR 

TOTAL DIRECT LABOR COST= 26.45 $/HELIOSTAT 
TOTAL PRODUCTION FACILITY COST 6000000. $ 

364.00 / HELIOSTAT 

8.00 / HELIOSTAT 

1800000. 

750000. 



BEC PLASTIC SELECTED DESIGN B 

~460 FACTORY COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS 
S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

P=PURCHASED MATERIALS 
T=TOOLING 
A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LABOR HOURS 
E=EQUIPMENT . 
Q=QUANTITY 
Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=B ~~60 
SOURCE:BEC 

REFLECTOR FACILITIES SAD 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT 
TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 
TOTAL CONSUMABLES= 0.00 $/IIELIOSTAT 
LAND REQUIRED= 0.0000 ACRES 
prODUCTION FACILITY (BASE RATE COST CATEGORY) SIZE= 
TOIAL EQUIPMENT COST= O. $ 

~ TOTAL TOOLING COST= O. $ 
~ QUANT lTY= O. / YEAR 
w TOTAL PRODUCTION FACILITY COST 2000000. $ 

DEFAULT QUANTITY USED IN PROFIT CENTER CALCULATION 

.4000E+05 SQFT 

HRS/HELIOSTAT 

40000. SQ FT 

DEFAULT QUANTITIES = 50000.(FACTORY), 5400.(TRANSPORT/SITE) 



BEC PLASTIC SELECTED DESIGN B 

(1'i60 SITE COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS 
S=SUrPLIES AND CDNSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATIDN REQUIREMENTS 

P=PURCHASED MATERIALS 
T=TOOLING 
A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL 

L=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q=QUANTITY 
Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM QUANTITY UNITS UNIT 
COST 

TOTAL 
COST 

ENTRY TYPE=L 4460 
SOURCE:BEC 

SITE LABOR 

ENTRY TYPE=M 4460 FIELD WIRING 
SOURCE:2ND GEN CONTRACTOR AVG 

ENTRY TYPE=L 4460 
SOURCE:BEC 

ENTRY TYPE=T 4460 
SOURCE:BEC 

~tHRY TYPE=L 4460 
1 SOURCE:BEC .,.... 
tNTRY TYPE=Z 4460 

SOURCE:BEC 

ENTRY TYPE=Y 4460 
SOURCE:BEC 

INST. C/O LABOR 

SITE TOOLING 

SITE SURVEY 

INITIAL CAlIBR. 

SITE EQUIPMENT 

ENTRY TYPE=Y 4'i60 WASHING EQUIP. 
SOURCE:STAR EQUIP. CO. 

ENTRY TYPE=Y 4'i60 
SOURCE:BEC 

ENTRY TYPE=Q 4460 

MAINT VANS 

INST C/O QJY 

TOTAL PURCHASED MATERIAlS= 0.00 $/ttELIOSTAT 
TOTAL RAW MATERIALS= 326.00 $/HELIOSTAT 

.5400E+Ol 

.3300E+01 

.3000E+Ol 

.2500E+00 

.8000E+04 

TOTAL (BASE RATE CDST CATEGORY) DIRECT LABOR= 8.9500 HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 $'liELIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TIMES YEARS USED / SITE 
QUANTITY= 8000. / SITE 
TOTAL SUBCONTRACTS AND FLOW-THROUGH EXPENSES= 7.18 $/HELIOSTAT 
TOTAL SITE-RETAINED CAPITAL= 375000.00 $ 

TOTAL DIRECT LABOR COST= 154.21 $/HElIOSTAT 

HRS / HELIOSTAT 

326.00 / ttELIOSTAT 

HRS / HELIOSTAT 

YR 50000. 

HRS / HELIOSTAT 

7.18 / HELIOSTAT 

120000. 

225000. 

30000. 

/STE 



BEC PLASTIC SELECTED DESIGN B 

4410 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RAW rlATERIALS P=PURCHASED MATERIALS 
T=TOOLING 

l=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q=QUANTITY 

S=SUPPlIES AND CONSUMABlES 
B=BUIlDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=lAND FOR PRODUCTION FACILITY 
Y=SITE-RETAIHED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=X 4410 REFL TRANS TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE:BEC 

ENTRY TYPE=Q 4410 REFLECTOR QTY/SITE 

TOTAL PURCHASED MATERIAlS= 0.00 $/HElIOSTAT 
TOTAL RAW MATERIAlS= 0.00 $/HElIOSTAT 

QUANTITY UNITS 

.6300E-Ol TRUCKLOADS 

.SOOOH04 /STE 

TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 HRS/HElIOSTAT 
TOTAL CONSUMABLES= 0.00 $/HELIOSTAT 
WEI GilT ED EQUIPrlEtlT COST" o. $ TIMES YEARS USED / SITE 
QUANTITY= 8000. / SITE 

~ SPECIAL TRANSPORTATION COST CATEGORY 1 = .063 TRUCKLOADS 
~ INPUT (NOT COMPUTED) TRANSPORTATION COST 40.95 $ 
01 

UNIT 
COST 

TOTAL 
COST 



BEC PLASTIC SELECTED DESIGN B 

4420 TRANSPORTATIOH COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASED MATERIALS 
T=TOOLING 

l=DIRECT lABOR HOURS 
E=EQUIPMENT 
Q=QUANTITY 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=X 4420 DRIVE TRANS TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE:BEC 

ENTRY TYPE=Q 4420 DRIVE QTY TO SITE 

TOTAL PURCHASED MATERIAlS= 0.00 $/HElIOSTAT 
TOTAL RAW MATERIAlS= 0.00 $/HElIOSTAT 

QUANTITY UNITS 

.4000E-03 TRUCKLOADS 

.8000E+04 /STE 

TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 HRS/HElIOSTAT 

:x:­
I .... 

m 

TOTAL CONSUMABLES= 0.00 $/HELIOSTAT 
WEIGIITED EQUIPMENT COST= O. $ TIMES YEARS USED / SITE 
QUANTITY= 8000. / SITE 

SPECIAL TRANSPORTATION COST CATEGORY 1 = .000 TRUCKLOADS 
INPUT (NOT COMPUTED) TRANSPORTATION COST .26 $ 

UNIT 
COST 

TOTAL 
COST 



BEC PLASTIC SELECTED DESIGN B 

4440 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RAW MATERIALS P=PURCHASED MATERIALS 
T=TOOLING 

L=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q=QUANTITY 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRAHSPORTATION REQUIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL Z=SUBCOtlTRACTS AND FlOW-THRDUGH EXPENSES 

ITEM 

ENTRY TYPE=X 4440 BASE TRANS TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 1 

SOURCE:BEC 

ENTRY TYPE=Q 4440 BASE QTY TO SITE 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT 

QUANTITY utllTS 

.4000E-Ol TRUCKLOADS 

.8000E+04 /STE 

TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 HRS/HELIOSTAT 
TOTAL CONSUMABLES= 0.00 $/HELIOSTAT 
WEIGHTED EQUIPMENT COST= o. $ TIMES YEARS USED / SITE 
QUANTITY= 8000. / SITE 

~ SPECIAL TRANSPORTATION COST CATEGORY 1 = .040 TRUCKLDADS 
~ INPUT (NOT COMPUTED) TRANSPORTATION COST 26.00 $ ...... 

UNIT 
COST 

TOTAL 
COST 



BEC PLASTIC SELECTED DESIGN B 

~450 TRANSPORTATION COSTS 

KEY TO ENTRY TYPES 

M=RA~J MATER I AL S P=PURCHASED MATERIALS 
T=TOOLING 

L=DIRECT LABOR HOURS 
E=EQUIPMENT 
Q=QUAtITITY 

S=SUPPLIES AND CONSUMABLES 
B=BUILDING OR FACILITY SIZE 
X=TRANSPORTATION REQUIREMENTS 

A=LAND FOR PRODUCTION FACILITY 
Y=SITE-RETAINED CAPITAL Z=SUBCONTRACTS AND FLOW-THROUGH EXPENSES 

ITEM 

ENTRY TYPE=X 4450 ENCLOSURE TO SITE 
SPECIAL TRANSPORTATION COST CATEGORY 

SOURCE:BEC 
1 

ENTRY TYPE=Q 4450 ENCLOSURE QTY TO SITE 

TOTAL PURCHASED MATERIALS= 0.00 $/HELIOSTAT 
TOTAL RAW MATERIALS= 0.00 $/HELIOSTAT 

QUANTITY UNITS 

.8000E-Ol TRUCKLOADS 

.8000Et04 /STE 

TOTAL (BASE RATE COST CATEGORY) DIRECT LABOR= 0.0000 HRS/HELIOSTAT 
TOTAL COPlSUt1ABLES= 0.00 $/HELIOSTAT 
WEIGHTED EQUIPMENT COST= O. $ TIMES YEARS USED / SITE 

~ QUANTITY= 8000. / SITE 
I SPECIAL TRANSPORTATION COST CATEGORY 1 = .080 TRUCKLOADS 
0; INPUT (NOT COMPUTED) TRANSPORTATION COST 52.00 $ 

UNIT 
COST 

TOTAL 
COST 



):0 
I .... 

<0 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4410 REFLECTIVE ASSEMBLY 

FACTORY COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 327.21 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OHlER HIDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
ANrlUAlIZED ONE-TIME COSTS 

198.64 
0.00 

192.85 
5.79 

15.24 

0.00 

12.28 
5.74 
6.53 

20.38 

7.01 

23.14 

3.58 

20.89 

23.29 

2.79 
2.79 



):0 
I 

N 
o 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4420 DRIVES 

FACTORY COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 251.00 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OTlIER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
SUBCONTRACTS & FLOW-THROUGH 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

251. 00 
251. 00 



» 
I 
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HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4430 CONTROLS 

FACTORY COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 417.75 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OilIER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTIlER EXPENSES 
SUBCONTRACTS & FLOW-THROUGH 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

417.75 
417.75 



):>0 
I 

N 
N 

IIELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4440 FOUNDATION/PEDESTAL 

FACTORY COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 388.61 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABlES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTflER ItIDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

I NCO~lE TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

279.13 
.0.00 

271 . .0.0 
8.13 

16.4.0 

4.00 

9 . .04 
2.8.0 
6.24 

9.68 

4.82 

29.3.0 

2.46 

lit. 64 

16 . .00 

3.14 
3.14 



» 
I 

N 
W 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4450 ENCLOSURE 

FACTORY COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 527.15 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

374.92 
0.00 

364.00 
10.92 

26.45 

8.00 

12.90 
3.42 
9.48 

12.18 

6.19 

39.94 

3.15 

18.83 

20.54 

4.06 
4.06 



):0 
I 

N 
-1'0 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4460 ASSEMBLY/INSTALLATION 

FACTORY COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 9.09 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OTllER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
ANNUALIZED ONE-TIME COSTS 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

1. 04 
.80 
.24 

.88 

.80 

.28 

.41 

2.50 

2.66 

.51 
.51 



):0 
I 

N 
U1 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4460 ASSEMBLY/INSTALLATION 

SITE COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 596.18 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OHlER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
SUBCONTRACTS & FLOW-TIIROUGH 
SITE-RETAINED CAPITAL 

335.78 
0.00 

326.00 
9.78 

154.21 

0.00 

47.01 
.75 

46.26 

3.19 

.29 

0.00 

.15 

.55 

.96 

54.06 
7.18 

46.88 



:x:­
I 

N 
0'1 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4410 REFLECTIVE ASSEMBLY 

TRANSPORTATION COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 40.95 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHARGES 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

40.95 
40.95 



:J:o 
I 

N ....., 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4420 DRIVES 

TRANSPORTATION COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE .26 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE. PLANT ENGINEERING 
OHlER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE' 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTIIER EXPENSES 
TRANSPORTATION CIIARGES 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

.26 
.26 



):» , 
N 
00 

HELIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4440 FOUNDATION/PEDESTAL 

TRANSPORTATION COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 26.00 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSlIS 
MAINTENANCE, PLANT ENGINEERING 
OTHER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OTHER EXPENSES 
TRANSPORTATION CHARGES 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

26.00 
26.00 



;1>0 

• N 
~ 

HElIOSTAT COST MODEL 

DETAILED BREAKDOWN 

BEC PLASTIC SELECTED DESIGN B 

4450 ENCLOSURE 

TRANSPORTATION COSTS 

PRODUCTION YEAR 1 

TOTAL REQUIRED REVENUE 52.00 

DIRECT MATERIALS 
PURCHASED MATERIALS 
RAW MATERIALS 
SCRAP 

DIRECT LABOR 

CONSUMABLES 

INDIRECT COSTS 
MAINTENANCE, PLANT ENGINEERING 
OHlER INDIRECTS 

CAPITAL REPLACEMENT ALLOWANCE 

PROPERTY TAX AND INSURANCE 

GENERAL & ADMINISTRATIVE 

INTEREST EXPENSE 

INCOME TAXES 

RETURN TO EQUITY HOLDERS 

OHlER EXPENSES 
TRANSPORTATION CHARGES 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

52.00 
52.00 



FACTORY 

TRANSPORTA TION 

SITE 

TOTALS BY COMPONENT 

~ • (.oJ 

o 

'1'110 

327.21 

'10.95 

368.16 

'1420 

251. 00 

.26 

251.26 

COST SUMMARY BY PROFIT CENTER 

TOTAL REQUIRED REVENUE 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

'1'130 

417.75 

0.00 

0.00 

417.75 

4440 

388.61 

26.00 

0.00 

414.61 

TOTAL FOR TOTAL REQUIRED REVENUE 

4450 

527.15 

52.00 

579.15 

4460 

9.09 

596.18 

605.27 

2636.20 

TOTALS BY LOCATION 

1920.81 

119.21 

596.18 



FACTORY 

rRAHSPORTA TIOH 

SITE 

TOTALS BY COMPOHEHT 

):> 
I 

(.oJ 
...... 

4410 

198.64 

0.00 

198.64 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CEHTER 

DIRECT MATERIALS 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTIOH YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

279.13 

0.00 

0.00 

279.1l 

TOTAL FOR DIRECT MATERIALS 

4450 

3J1i.92 

0.00 

374.92 

4460 

0.00 

335.78 

335.78 

1188.47 

TOTALS BY LOCATIOH 

852.69· 

0.00 

335.78 



FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

»0 
t 

W 
N 

4410 

15.24 

0.00 

15.24 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

DIRECT LABOR 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

16.40 

0.00 

0.00 

16.40 

TOTAL FOR DIRECT LABOR 

4450 

26.45 

0.00 

26.45 

4460 

0.00 

154.21 

154.21 

212.30 

TOTALS BY LOCATION 

58.09 

0.00 

154.21 



FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

> 
I 

W 
0'1 

4410 

20.38 

0.00 

20.38 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

CAPITAL REPLACEMENT ALLOWANCE 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

9.68 

0.00 

0.00 

9.68 

4450 

12.18 

0.00 

12.18 

TOTAL FOR CAPITAL REPLACEMENT ALLOWANCE 

4460 

.88 

3.19 

4.07 

46.31 

TDTALS BY LOCATION 

43.12 

0.00 

3.19 



FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

> 
I 

W 
0\ 

4410 

7.01 

0.00 

7.01 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

PROPERTY TAX AND INSURANCE 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

4.82 

0.00 

0.00 

4.82 

4450 

6.19 

0.00 

6.19 

TOTAL FOR PROPERTY TAX AND INSURANCE 

{,460 

.80 

.29 

1. 09 

19.11 

TOTALS BY LOCATION 

18.82 

0.00 

.29 



FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 
~ 
I 
~ 
~ 

4410 

23.14 

0.00 

23.14 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

GENERAL & ADMINISTRATIVE 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

29.30 

0.00 

0.00 

29.30 

4450 

39.94 

0.00 

39.94 

TOTAL FOR GENERAL & ADMINISTRATIVE 

4460 

.28 

0.00 

.28 

92.66 

TOTALS BY LOCATION 

92.66 

0.00 

0.00 



FACTORY 

TRANSPORT A TlON 

SITE 

TOTALS BY COMPONENT 

~ 
I 
~ 
OG 

.. 

4410 

3.58 

0.00 

3.58 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

INTEREST EXPENSE 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

2.46 

0.00 

0.00 

2.46 

TOTAL FOR INTEREST EXPENSE 

4450 

3.1S 

0.00 

3.1S 

4460 

.41 

.IS 

.S6 

9.7S 

TOTALS BY LOCATION 

9.60 

o.oe 
.IS 



'ACTORY 

"RANSPORTA lION 

iIlE 

OTALS BY COMPONENT 

;too 
I 

(.oj 
\0 

"4410 

20.89 

0.00 

20.89 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

INCOME TAXES 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

14.64 

0.00 

0.00 

14.64 

TOTAL FOR INCOME TAXES 

4450 

18.83 

0.00 

18.83 

4460 

2.50 

.55 

3.05 

57.41 

TOTALS BY LOCATION 

56.86 

0.00 

.55 



FACTORY 

TRANSPORT A nON 

SITE 

TOTALS BY COMPONENT 

» 
I 

.j:>o 
o 

4410 

23.29 

0.00 

23.29 

4420 

0.00 

0.00 

0.00 

COST SUMMARY BY PROFIT CENTER 

RETURN TO EQUITY HOLDERS 

~EC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

0.00 

0.00 

0.00 

0.00 

4440 

16.00 

0.00 

0.00 

16.00 

4450 

20.54 

0.00 

20.54 

TOTAL FOR RETURN TO EQUITY HOLDERS 

4460 

2.66 

.96 

3.62 

63.45 

TOTALS BY LOCATION 

62.49 

0.00 

.96 



FACTORY 

TRANSPORTATION 

SITE 

TOTALS BY COMPONENT 

):0 
I 
~ ..... 

.. 

4410 

2.79 

40.95 

43.74 

4420 

251.00 

.26 

251.26 

COST SUMMARY BY PROFIT CENTER 

OHlER EXPENSES 

BEC PLASTIC SELECTED DESIGN B 

PRODUCTION YEAR 1 

4430 

417.75 

0.00 

0.00 

417.75 

4440 

3.14 

26.00 

0.00 

29.14 

TOTAL FOR OTHER EXPENSES 

4450 

4.06 

52.00 

56.06 

4460 

.51 

54.06 

54.57 

852.52 

TOTALS BY LOCATION 

679.25 

119.21 

54.06 



APPENDIX B 

1.0 PERFOR1J.\NCE REQUIREMENl'S 

1.0.1 Perfonnance Requirements 

Prllnary perfonnance characteristics for collector subsystem and certain 

elements were established, these are listed in Table 1-1. In addition, 

secondary perfonnance characteristics were also prescribed for the subsystem 

and certain elements; they are listed in Table 1-2. 

1.1 rnSI~ AND OONSTRlJCTICN REQUIREMENl'S 

1.1.1 General Design Requirements 

The collector subsystem is intended for use by public and private electric 

utili ties, and by cClTlIlercial finns which use high-quality heat for industrial 

processes. Thus, prnne considerations in designing the collector are 

perfonnance, durability, reliability, safety, and acceptale life-cycle costs. 

General design and construction requirements were established which are 

canpatible with these considerations, they are sUl1ll'arized in Table 1-3. 

1.1.2 Environmental Design Criteria 

The collector subsystem is intended to be used wi th electric power and 

industrial process heat (IPH) plants located in the southwestern United 

States. Thus, the environmental design criteria are based, in part, on 

condi tions expected in that reg ion of the ca,mtry, they are sUl1ll'arized in 

Table 1-4. 

B-1 



TABLE 1-1 collector Subsystem Prlmar!/ Performance Requirements 

COl'oPONOO REOU I REl'fJ(1' (!) 
o REFl£CT 951 OF REDI RECTED 

ENER6Y 011 RECEIVER AT<6O" 
o FUNCTION DURING ALL PlAKT 

SYSTEJl STEADY-STATE MODES 

o POWER INCREMENTS IN TRACKING 
!'DDE OF s 10: 

o EMERGENCY DEFOCUS TO <: 3 % 
POlI£R III 120 SECONDS 

o AVERAGE STRUCTURAL SUPPORT 
STATIC DEFlECTIOIlS s t L7101::.;a 
FOR III RROR HOMAl. EACH AXIS 

COllECTOR 
U2 IVS WIND, QO - SOOC, AIfY 
lOCATION, ALL ORIENTATIOIlS, NO 

flEUI GRAVITYI 110 TEMPERATURE 
EFFECTS) 

o HEAT flUX 011 UN I RRAD IATED 
PORTIONS OF RECEIVER 
So 2500 'rI/,;2 

o 901 OF REFLECTED EHERGY 
WITHIIl THEORECTICAL BEAll 
SHAPE + 1._ MRAIl FRIH~ FOR 
60 DAYS WITHOUT AlIGtll'E.'tT 
(0 IVS IlIND, 00 - 5QOC, 
GRAVllYJ ALL ORIENTATIONS, 
AIfY lOCATION, HELIOSTAT 

HElI OSTAT TRACKIN61 

o BEAll POINTlHG ERROR s t I' 
IIMD EACH AXIS (SA1'f CONDI-
TlOIlS AS BEAIi QlIAUlY) 

o STRUCTURAl DEFlECTIOR 
(EXCLUDlHG FOUIiDATlOHh t U 
llRAQ U2 rlls IIINDI 00 - SOOtl 
All OP.IENTATIOIlSJ AIfY lOCATION, 
NO 6RAVIlYJ NO WAVINESSJ NO 
FACET IIISALIGNMENT) 

o 2-POIKT AIMING 

FOUIIDATI ON o TILT OR TORSIONAL ROTATION 
(2- ABOVE " ! O.S /IRAD U2 IVS lIlNDJ 

GROUND) PlASTIC DEFLECTION FROM 
22 IVS IIIND) 

o PlASTIC DEFlECTION "1 0.15 
XRAD (SINGLE 22 /liS IIIND) 

(!) Tolerances are 1 sigma values. 
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TABLE 1-2 Collector Subsgstem Secondary Performance Requirements 

. 

COMPONENT REQUIREIDT 

o raJ PERFORI'oANCE a 12 IllS 
IIIND. DO - SOO(. GRAVITY 

o TRACK WITH DEGRADED PERFOR-
M/iCE !/HEN lilllD IS IG IllS 

o INITIATE STOll FROM EXTERHAI. 
SIGNAL 

o INCORPORATE LIGHTNING 
PROTECTlOII 

SYSTEII o OPERATE FRllft -90 - SOD[ (PlUS 
INSOLATIOn on U/IPROTECTED 
CO/'PONENT~ 

o REQUIRE IIINI/1lJI1 MINTEMCE 
o AllllOUNCE ANY COMPONENT 

FAILURE TO HAC 
o PROVIDE FAUlT ISOLATION INFOR-

MTIOII 011 CRITiCAl COMPONENTS 

o 11IIIIII12E HAZARDS TO OPERATIONS! 
MINTEIWICE PERSONNEL AND nlE 
PUBLIC 

o CAPABLE OF BEING POSITIONED 

FOR STOll. CtfAN I NG DR 
HaJOSTAT MlllTENANCE ~ 15 MINUTES 

(FROH ANY OPERATIONAL 

ORIENTATIOIO 

o CONTROL HELIOSTATS BY 
CONTROLS CO/'.PllTER 

o SAfE BEA/'! CONTROL STRATEGY 
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TABLE 1-3 collector Subsystem Design and Construction Requirements 

COMPONENT REDUI REiIElCT 
o 30 YEAR LIFE 
o COMMERCIAL DESIGN AND 

COIISTRUCTION STANDARDS (oaCi 
1976J AISOV8TH EDITION, 
HATlOIlAl ELECTRIC CODE, HEI'IA 
ANII /'IS4S-

o OFF-THE-SHElf COMPONENTS 

SYSTfJt o TOLERATE POIlER TRAIISIENTS 

o MINIMIZE SUSCEPTIBILITY TO AND 
GENERATION OF EMR 

o CORROSIO:' PROTECTIOH ON All 
PARTS 

o COI'IPONElITS OR ASSEt1BLlES 
TRANSPORTABLE BY TRUCK 

o IIOIWWISHIP CONSISTENT IIITH 
GOOD COI'J1ERCIAl PRACTICE 

o All I1AJOR ElEMEHTS AND 
ASSEMBLIES TO HAYE NAMEPLATES 

o lIKE PARTS TO BE INTER-
CHANGEABLE 

o DESIGN TO FACilITATE 
OPERATOR AND MINTEHACE, 
USE /'IS-111n AS GUIDE 

COLlECTOR o NOT BE VUUlERABLE m 
FIEUI EXTENS lYE FI R£ DAl'AGE 

o HElIOSTATS HOT DIRECTLY 
ADJACENT TO A Fl R£ SIIOUUl 
NOT SPREAD TO OTHER PARTS 
OF THE FIEUI 

o MINTAI" STRUCTURAL INTEGRITY 
IN ANY POSITION IN A 22 IVS 
WIND 

o "0 ElEVATlDN OR AZIMUTH DRIFT 
lit DRIVES 

o SURVIVE 19 11K HAIL a 20 tIIS 
lit ANY ORIENTATION 

HalOSTAT o WITHSTAND AlID/OR OPERATE \/HEN 
SUBJECTED TO WIND-INDUCED 
VIBRATIONS 

o EHVlROW'£NTALlY SEAlED DRIVES 
a COST -EFFECT lYE STOWAGE 

a COST-EFFECTIVE REFLECTIVITY 
AND AREA 
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0::1 
I 

01 

. ' 

TABLE 1-4 Environmental Design Criteria Ear Prodw7t.1.on CollactoL Subt;;stelll 

functtan.I C.p.blllt. R'~UI"d 'lhln Subjlctd fa 
£o.lro_nl.1 ConditIon, a' .Iutt 5 ..... n l1li11. I 

I 

Op.rattn, Q) fIot Operttl", cD I 
En" I ronlnlntlI 

I 
Co.dltlon 

5tHrlng Startup Ind Oo'acu,ln, 51 ... ln, 5tructur.1 In- Su", ... l 
5huld_ teorH. 

(Any Po,ltlan) 
G, ... ty Lac. I Loc.I Lac.l Lacll Local LOCI 1 

E .. thq .. ~. - · · . USC 5.lsale we SaIMle 
Z..,.l Z..,.l 

WInd 
o thtll 25 .,. sp .... (lncholll Gu.Il) :s U ", o to lZ f" o to u !" o to 22 I" o thru 49 .,. 

AI .. RAI, 0.01 .,.2 0.01 ", 0.01 .,. 0.01 .,. 0.01 ", 0.01 aI. 
Ou.t 0..111 (CyclO.lc o to 16 .,. o to 12 .,. o to 17 .,. o to 17 aI. o I. 17 .,. a 10 17 .,. 

WInd.) 
An. An. Any Any An. ",y Olrtcllon 

A",I. r ... Ho,tlontal !IO' !ID" !IO· !I(ll llO' lID' 

f ...... 'lIur. (i) -, to SOOe o to SOOc a to sOOc o to so"e • 1n to 511"e • 10 to SCl"C 

Pr,clpllillo. 
R.I. 150 III AnnulI Averag. 7SO on · · 750 .. 150 _ 

24·Hou, Rllt ~ 75 ... · · IS 75 .. S75 ... 1175 .. 
ICt~r~:'II" Ral. S 50 .. - - IS 50 .. .. 50 .. SSO .. 

Th ~ .... 
HIli 

Ol ... t •• · · - ~20 .. .. lOm eU .. 
Sp,ed · - - ~ 20 aI. • 20.,. \I Z] aI. 
Sp •• I.l Gr .. tty · - - 0.' 0.9 0.9 
Temp.ratur. · · - o thru •• 1"e a thru '.7ac a thru •• JOt -'--SlIiI-. -- --, - -------
24-Mau, RII. 0.1 • · - 0.1 • 0.1 • 0.1. 
HII. La.dln, 250 Po - - 250 PI 2SO PI 250 ,. 

I.,al.tla. 

HII flu. 1100 ..,,/. 1100 '11,.2 lIflO 'II''/' lIOO .",,/. 1100 Z/ai 1100 w,ai 
A.I. or Ch.n .. <!) CD <!) <!) <!) ~ ---~-- .. -... -. 

Llght.l .. 
200,000 Nil'S 200,Il00 NIPS 200,000 NIPS 200,000 Nil'S 200.,000 All'S 200 000 NFS " .. 1 ... 11 Stroke 

DIrect Hit La •• or I HIlI. ok La •• of I H.llo Ok LOIS of I H.llo a~ LOII.of I HoII~IOk Lalla' 1 Hollo ok La.i 0' I Hilla .k 
Adj •••• t Hit CD '''.Iah. 00..... Hlnlalll .,...g. IIInl.ltt D .... '. "Inl.U, 0_., "Inlalll DoNg, "'.I.h, D ...... 

Nat... <D '.raqrlph r.f .... c .. Ir. to Slndll Ipeclflcatlo. A10772, R ••• 6, Io-Io-n 

CD 011119' to b, .1.lalll<l lubJect to .pproprht' .0stl,lsk 11.111 (TBD). 
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