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PREFACE 

This report is submitted by the Energy Systems Group to the Department of 
Energy under Contract EG-77-C-03-1483 as final documentation. This Conceptual 
Design Report summarizes the analyses, design, planning, and cost efforts per­
formed between October 1, 1977 and September 1, 1978. The report is submitted 
in four volumes, as follows: 

Volume I Executive Summary 
Volume II Book 1, Commercial Plant Conceptual Design 

Book 2, Appendices 
Volume III Development Plan and Pilot Plant Description 
Volume IV Commercial and Pilot Plant Cost Data 

The principal contractors supporting the Rockwell International Energy 
Systems Group, in this conceptual design effort, together with the main areas of 
responsibility, included McDonnell Douglas Aircraft Corporation as responsible 
for the Collector and Master Control Subsystem; Stearns-Roger Services, Inc. as 
responsible for Electric Power Generating Subsystem, Tower Design and Civil 
Engineering; and Salt River Project as the Utility Consultant. The University 
of Houston supported McDonnell Douglas in the Collector Field Studies. Per­
sonnel contributing to this design program and to the final report included: 

Rockwell International, Energy Systems Group 

T. H. Springer, Project Manager 
T. L. Johnson, Project Engineer 
w. B. Thomson, Lead Engineer, Receiver 
L. E. Glasgow, Lead Engineer, Receiver Subsystem 
A. Z. Frangos, Lead Engineer, Thermal Storage 

McDonnell Douglas Aircraft Corporation 

G. C. Coleman, Project Manager 
J.E. Raetz, Lead Engineer, Collector Subsystem 
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D. W. Pearson, Lead Engineer, Master Control Subsystem 
J. H. Nourse, Lead Engineer, Cost Analysis 

University of Houston 

L. L. Vant-Hull, Associate Director, Solar Energy Laboratory 

Stearns-Roger Services, Inc. 

W. R. Lang, Project Manager 
A. W. McKenzie, Principal Author 

Salt River Project 

S. M. Chalmers, Director, Engineering Services 
R. F. Durning, Staff Consultant, Engineering Services 
D. R. Squire, Supervisor, Power Plant Engineering 
R. M. Hayslip, Manager, Corporate Planning 
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I. INTRODUCTION 

This volume of the Advanced Central Receiver Final Report presents the 

cost data using the Cost Breakdown Structure identified in the Preliminary 

Specification. Cost summaries are presented in the following sections for the 

100-MWe and 281-MWe Commercial Plant and a 10-MWe Pilot Plant. Cost substantia­

tion data for this volume are presented in the Appendices. 

Other cost summary data include Nth Plant data for the 100-MWe and 281-MWe 

Commercial Plants, and a summary for the alternative concept Air-Rock Storage 

System. 

The main description of the plant costing technique occurs as part of 

Section II for the 100-MWe Baseline Concept. 
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II. 100-MWE COMMERCIAL PLANT COST 

The cost su11111aries for the 1OO-MWe Commercial Plant are presented fn this 
section for the baseline plant with an all-sodium storage system and for the 
alternative air-rock storage system. While the major cost estimating effort was 
for the first conunercial plant, cost projections for the Nth Plant are also 
presented. A description of the cost methodology is given here also. 

A. 1OO-MWe BASELINE CONCEPT 

Table 1 presents a cost sunmary for the 1OO-MWe Baseline Concept. A brief 
description of the costing methodology is included here for each of the major 
subsystems. The plant configuration is shown schematically in Figure 1 with 
plant parameters given in Table 2. 

1. Collector Cost Analysis 

a. Costing Results 

Summarized costing results relating to the Collector Equipment subsystem 
are shown for Pilot, First, and Nth Commercial power plants that employ liquid 
sodium as a coolant in the receiver. These costs are based on data developed in 
association with the Prototype Heliostat study. Appendices A, B, C, and D 
provide further breakdown of these costs. Nonrecurring costs for Commercial 
Plants are shown as nil because those costs that are not already paid for in 
prior development are allocated over all production and included in the overhead. Visibility is buried in the Pilot and First Colllllercial costs but has been listed 
separately for Nth Commercial because of the likelihood of compensating "break­
throughs" to occur that would tend to support the eventual realization of the 
projection before visibility is applied. The Operations and Maintenance {O&M) 
costs include the costs of ongoing spares and repair parts as well as field 
maintenance. 
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4000 

TABLE 1 

100-MWe BASELINE CONCEPT WITH ALL-SODIUM STORAGE 
(Sheet 1 of 4) 

Solar Plant Capital Investment Cost 
($000) 

First Con111ercial Nth Plant 

Solar Plant Cost 
152,614 

4100 

4200 

Site, Structures and Miscellaneous 
Equipment 5,381 

4110 Site 1,500 

4111 Land 

4112 Yard Work 

4120 Buildings 2,200 

4121 Turbine Building 1,386 

4122 Administration Build-
ings 180 

4123 Warehouse and 
Maintenance Buildings 300 

4124 Control Building 216 

4125 Other 118 

4130 Miscellaneous Equipment 1,681 

4131 Transportation and 
Lifting Equipment 721 

4132 Con111unication Equipment 110 

4133 Other 

Turbine Plant Equipment 

4210 Turbine Generators and 
Accessories 

4220 Heat Rejection System 

4230 Condensing Systems 

4240 Feed-Heating or 
Recuperator System 

4250 Working Fluid Circulation, 
Treatment, and Auxiliary 
Inventory Containment 
Equipment 

Subtotal 

850 
19,424 

10,856 

4,215 

320 

1,655 

2,378 

24,805 
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5,271 

1,500 

2,100 

1,386 

180 

300 

216 

18 
1,671 

711 

110 

850 
19,424 

10,856 

4,215 

320 

1,655 

2,378 

24,695 

123,693 



4300 

4400 

TABLE 1 
100-MWe BASELINE CONCEPT WITH ALL-SODIUM STORAGE 

(Sheet 2 of 4) 

Solar Plant Capital Investment Cost 

First Commercial 
Electric Plant Equipment 
4310 Switchgear 860 
4320 Station Service Equipment 1,502 
4330 Protective Equipment 253 
4340 Power W.i ring, El ectri cal Structures 

and Wiring Containers 938 
4350 Master Control Equipment 1,281 

4351 Hardware 697 
4352 Hardware Design & Engineering 332 
4353 Software Design, Development, 

and Test 252 
Collector Equipment 
4410 Reflective Unit 16,956 
4420 Drive Unit 24,177 

4421 Azimuth or Horizontal Drive 
4422 Elevation or Vertical Drive 
4423 Motors 
4424 Position Indicators or Encoders 
4425 Power Distribution and 

Emergency Supply 
4430 Control and Instrumentation 2,621 

4431 Sensor or Calibration Equirment 
4432 Field Control Electronics 
4433 Control Signal Distribution 

Equipment 
4440 Foundation and Site 10,918 
4450 Heliostat Support and Protection 2,525 

4451 Heliostat Support Structure 
4452 Heliostat Protective Enclosure 
4453 Lightning Protection 

4460 Field Assembly and Check Out 3,399 
4470 Design and Engineering 

Subtotal 
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4,834 

60,596 

65,430 

($000) 

Nth Plant 

4,301 
860 

1,502 
253 

938 
748 

487 
185 

76 

45,820 
12,460 
18,420 

1,720 

8,590 
1,910 

2,720 

50,121 



4500 

4600 

4800 

TABLE 1 

1OO-MWe BASELINE CONCEPT WITH ALL-SODIUM STORAGE 
(Sheet 3 of 4) 

Solar Plant Capital Investment Cost 

First Commercial 

Receiver Equipment 

4510 Receiver Unit 8,551 

4511 Absorber Unit 4,022 

4512 Support Structure 236 

4513 Receiver Circulation Equipment 1,526 

4514 Instrumentation and Control 1,452 

4515 Transportation, Field Erection, 
and Installation 1,315 

4520 Riser, Downcomer, and Horizontal 
Piping 4,942 

4530 Working Media Cost 183 

4540 Tower 3,166 

4550 Foundation 

4560 Steam Generator or Working Media 
Heat Transfer Equipment 5,144 

4570 Design and Engineering 1,319 

Thermal Storage Equipment 

4610 Media Containment Equipment 4,356 

4620 Media Circulation Equipment 724 

4630 Working Fluid Circulation Equipment 0 

4640 Discharging Heat Exchangers 0 

4650 Chargina Heat Exchangers 0 

4660 Foundation 300 

4670 Design and Engineering 306 

4680 Media 6,400 

Distributables and Indirect Costs 

4810 Temporary Facilities, Equipment, etc. 1,200 

4820 Spare Parts 601 

4830 Architectural Engineering Services 1,482 

4840 Construction Management 3,394 

4850 Plant Startup and Checkout 1,000 

4860 Contingency 19,311 

Subtotal 
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23,305 

12,086 

26,988 

62,379 

($000) 
Nth Plant 

19,852 

7,451 

3,258 

236 

1,190 

1,452 

1,315 

4,942 

183 

3,166 

4,110 

0 
11,400 

4,072 

688 

0 

0 

0 

300 

0 

6,400 
17,565 

1,000 

503 

1,450 

3,113 

500 

11,499 

48,877 



TABLE 1 
1OO-MWe BASELINE CONCEPT WITH ALL-SODIUM STORAGE 

(Sheet 4 of 4) 
Summary Category 4800 Calculations 

4810 - Temporary Facilities - See Breakdown Sheet in Appendix 
4820 - Spare Parts 1/2% of 4200 through 4600 
4830 - A&E Services 5% of 4100 through 4300 
4840 - Construction Management 5% of 4100 through 4300; 4400, 50, and 60; 

4514, 15, 20, 40, 50, and 60; 4610 through 4660 
4850 - Startup and Checkout - 20 Man-Years at $SOK/yr 
4860 - Contingency - 10% of 4100 through 4400 

29% of 4500 and 4600 
4860 - Contingency on Nth Plant - 10% of 4100 through 4400 

12.9% of 4500 and 4600 

O&M Costs 
Items 

First Commercial 
OMlOO Operations Supervision 693 
OM200 Maintenance Materials 581 

OM210 Spare Parts 581 
OM211 Turbine and Electric Plant 320 
OM212 Collector Equipment 195 
OM213 Receiver Equipment 66 OM214 Thermal Storage Equipment 
OM220 Material for Repair 
OM230 Other 

OM300 Maintenance Labor 1,112 
OM310 Scheduled Maintenance 1,112 
OM320 Corrective Maintenance 

($000/yr) 

Nth Plant 

253 
139 
85 
29 

810 

301 
253 

810 

Total 2,386 1,364 
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TABLE 2 
ADVANCED CENTRAL RECEIVER SYSTEM - 100-MWe 

COMMERCIAL PLANT SUMMARY DATA 
(Sheet 1 of 2) 

Net Electrical Power (MWe) 
Parasitic Power (MWe) 

Daytime 
Nighttime 

Insolation (W/m2) 
Maximum Solar Power Absorbed (MWt) 
Nominal Solar Power Absorbed for Direct 

Operating (MWt) 
Plant Net Efficiency(%) 
Collector Field Configuration 

Solar Multiple, Equinox Noon 
Number of Heliostats 
Heliostat Shape and Size fm (ft)] 
Number of Towers/Receivers 
Land Area (acre) 

Receiver Mid-Point Elevation [m (ft)] 
Receiver Configuration 

Number of Receiver Panels 
Receiver Height and Diameter [m (ft}] 
Receiver Maximum Heat Flux (MW/m2) 
Sodium Temperatures r0 c (°F)J 
Receiver Sodium Flow Rate [kg/hr (lb/hr)] 
Steam Generator Sodium Flow Rate 

(Direct Operation) [kg/hr (lb/hr)] 

ESG-79-2, Vol IV 
16 

100 

12 
6 

950 
390 
260 

22.9 
Single 360°, North Biased 
1.5 

14,100 
Square, 7.38 x 7.42 (24.2 x 24.3} 
1 

780 
174 (571) 
External Cylinder 
24 

16.1 X 16.1 (52.8 X 52.8) 
1. 53 
288/593 (550/1100) 
3.66 X 106 (8.07 X 106) 
2.34 X 106 (5.29 X 106) 



TABLE 2 
ADVANCED CENTRAL RECEIVER SYSTEM - 100-MWe 

COMMERCIAL PLANT SUMMARY DATA 
(Sheet 2 of 2) 

Thermal Storage Capacity (MWth) 
Total Sodium Inventory kg (lb) 
Steam Generator and Reheater Type 

Steam Conditions [MN/m2, 0c (ps1a, °F)] 
Initial 
Reheated 

Steam Flow Rate [kg/hr (lb/hr)i 
Daytime 
Nighttime 

TSS Sodium rlow Rate [kg/hr (lb/hr)) 
Feedwater Temperature [0c (°F)] 
Turbine Back Pressure [MN/m2 (in. Hg)) 
Heat Rejection [MW (Btu/hr)) 

Daytime 
Nighttime 
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805 
7.6 X 106 (16.8 X 106) 
Modular Steam Generator 

12.51, 538 (1815, 1000) 
2.72, 538 (394, 1000) 

3.32 X 105 (7.32 X 105
) 

3.15 X 105 {6.95 X 105) 
2.31 X 106 (5.09 X 106) 
234 (453) 

0.007 (2.0) 

158 {540 X 106] 

150 (511 X 106) 



1978 DOLLARS IN MILLIONS 
• Cost Element 

Pilot 1st Nth Commercial 
Commercial 

100 MWe 300 MWe 
Nonrecurring $ 4.70 - - -
Transport and $ 0.24 $ 0.54 Lift Equipment $ 0.53 $ 1.53 
Collectors $10.55 $60.60 $45.82 $131.82 

Visibility - - $ 5.63 $ 16.20 
Total Collect $10.55 $60.60 $51.45 $149.55 

Initial Spares $ 0.01 $ 0,04 $ 0.02 $ 0.06 
1st Year O&M $ 0.09 $ 0.80 $ 0.77 $ 2.22 
Follow-on O&M $ 0.06 $ 0.46 $ 0.45 $ 1.29 

b. Basic Scenarios 

The prototype heliostat projections are based on a specific set of cost 
driving ground rules and assumptions, design characteristics, and production 
scenarios. Although covered in previous sections of this report, a summary of 
the major drivers is useful in understanding costing results. 

c. Major Costing Ground Rules 

The costs that are presented assume the following major financial ground 
rules: 

1) First half of 1978 dollars - no escalation. 
2) Eight percent fee applied to each CBS line item. 
3) Interest during construction (IDC) not costed. 
4) No state sales tax applied due to uncertainty of state and 

potential tax rulings. 

5) Special collector production profit center assumed for commercial 
costing. 
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6) Minimal manufacturing support practice for commercial production. 

No analysis except as purchased from the outside. 

7) Overhead and fringe benefits applied as a factor on direct labor 

only. 
8) Nth Commercial cost projected as that typical of the tenth year 

of operation of production facilities at 25,000 units produced 

per year. First Commercial cost reflects first year production 

in same facilities. 

9) Commercial vendor quotes and production facility manning baseline 

at 25,000 heliostats per year. Pilot Plant material quoted basis 

at 1700 units. 

10) Assumed utility operations hourly labor rate ($15) - actual not 

known. 
11) Commercial grade (non-mil standard) electronic components. 

12) Scrap and rework, machine downtime, labor efficiency, operations 

refix factors, and first year failure rate factors applicable. 

13) Cost reduction curves applied where specific cost difference from 

the 25,000 per year or 1700 unit baseline are not identified. 

d. Technical Characteristics 

Figure 2 summarizes the technical characteristics of the selected design. 

Key top level cost drivers include the enlarged reflector area (49 m2) that has 

been divided into two main panels for ease of transport and installation; inverted 

stowage which is accomplished with a second screw jack and other additional 

hardware; the harmonic azimuth drive; and the factory-integrated drive-pedestal­

electronics assembly which may be checked and calibrated in the factory. Other 

important drivers include the deep pile foundation which features a 1.22 m above 

grade tapered pipe interface extension; the use of a weldment versus a casting 

for the drive housing; and the stringer-semi-radial beam mirror backing structure 

configuration. Except for inversion, these design characteristics generally 

have allowed a simplified production scenario as well as purchased part and 

material economics. 

ESG-79-2, Vol IV 
19 



f'T1 
u, 
~ 
I 

-..J 
I.O 
I 

N N 
0 .. 

< 
0 _, 
,_. 
< 

REFLECTOR 
SUPPORT 
STRUCTURE 

STOWAGE JACK 

HELfOSTAT CONTROLLER- '~l( .. .e:'::>~;»1 

PEDESTAL 

' I I 
I I 
I I 
I I 
I I 
l I 
I I 
•~- I ~----J 

Figure 2. Prototype Heliostat Baseline 

REFLECTOR PANEL 
ASSEMBLY 

9272-10 



e. Baseline Scenarios 

Main features of the baseline cormnercial production-installation scenario 

are listed below. 

1) 25,000 units per year 
2) 62,500 ft2 production facility (no site assembly plant) 

Central, unnamed location - outside Los Angeles 
Integrated mirror line and harmonic drive fabrication 
Automated assembly-transfer 
NC machining 

3) Low skill labor -<300 factory direct 
4) Private fleet transportation 
5) Four basic installations - mechanized using special equipment 

Foundation 
Pedestal-drive-electronic unit 
L&R reflector 
Power-control distribution 

6) One shift per operation (240 days) 

The Pilot Plant heliostat is assumed to be produced at Huntington Beach. 
As indicated, the Comnercial baseline has been oriented to the 25,000 units per 
year production rate. The main changes associated with First Commercial pro­
duction include reduced lapsed times, some increase in manning requirements 
reflecting startup problems of scheduling, line flows, equipment and tooling 
breakdowns, and material availability. Also, material costs are expected to be 

higher according to historical pattern. 

The operations and maintenance scenario calls for the use of conventional 
handling equipment, mobile test vans, and special mirror washing equipment. In 
most cases, defective assemblies or components are first removed and replaced 
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with a spare or a previously repaired part and then the defective item is re­
paired or scrapped. The main exceptions occur where certain structural damage 
may be repaired in-place. The preponderance of maintenance actions involve 
repairs rather than scrapping defective hardware. 

f. Costing Approach 

The costing approach has been to develop a data base associated with the 
25,000 units per year production rate and then perturb the data base to reflect 
special circumstances associated with the Pilot and First Co11111ercial plant. 
The 25,000 unit data base has been developed as resource loads for labor where 
operator and support positions required for each item of production equipment 
or responsibilities are counted and classified by skill in order to accumulate 
staffing by CBS. Vendor quotes on ongoing 25,000 units per year requirements 
and at 1700 units were obtained for important cost items and catalogs consulted 
for common items. Like item costs were employed where certain electronic com­
ponents have been projected as being available off the shelf at future dates. 
Appropriate factors have been applied to the data base along with burdened 
labor rates to arrive at total costs. 

Changes to the 25,000 per year data base were accomplished specifically 
where design or production differences were identified and generally through 
appropriate changes in factors, labor rates, and overhead rates and through 
cost reduction curve logic. Costs not specifically addressed were altered 
along a cost reduction curve. Each basic cost entry has been "pegged" to a 
specific point on a cost reduction curve. For First Commercial, the cost is 
adjusted in accordance with cost reduction logic to a new estimate for the new 
production scenario. 

Operations and maintenance costs are based on both resource loading and 
direct estimates of hours, unit investment cost for replaced or spared parts, 
and on quotes or prior study information on operations materials such as washing 
solution. Spares and repair parts are the product of annual failures (based on 
failure rates tables), hardware unit costs estimated for investment, and repair 
or replacement factors. Corrective maintenance is the product of crew size and 
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lapsed time or a direct hour estimate for bench labor, annual failures, repair 
factors for bench labor, and burdened labor rates. Scheduled maintenance is 
based on direct estimates or crew size and burdened labor rates,4material quotes, 
and estimated frequencies. Results were factored to consider efficiency, added 
first year failures or problems, and refix where the first attempt at repair is 
not successful and must be redone. 

For Commercial plants, applied labor and burden rates vary between factory, 
field, and operations. Factory rates are based on low side national average 
labor costs and MDAC burden and G&A experience at volume production facilities. 
MDAC Huntington Beach rates were used for Pilot Plant. Installation rates are 
based on Riverside, California, trade labor and fringe rates adjusted to allocate 
distributable cost. Both the factory and field rates include an 8% fee. The 
O&M labor rate has been estimated at $15/h and does not include fee since the 
utility presumably would not charge itself a fee. 

2. Receiver Subsystem 

Material cost value was arrived at by vendor quotations and supplier catalogs 
based on commercial grade. Labor hours were developed by past experience and 

estimating manuals, a productivity factor was included due to height and location. 
The labor dollars per hours were based on fabrication and installation to be in 
the southern California area. 

The piping systems are fabricated according to ASME B31.1, Heat Exchangers 
and Tanks, Section VIII Codes and Standards. 

All exterior piping and equipment requiring insulation shall be weather 
proofed; the remainder shall be painted. 

The estimate is based on 1978 dollars and excludes interest during construc­
tion, cost of land, and state and local taxes. 

Cost reduction for the Nth Plant was the result of components which could 
be manufactured utilizing a learning curve. 
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Each receiver panel is fabricated with 100 tubes, 3/4-in. OD by 0.049 wall, 
Type 304 stainless steel, welded into 6-in. Type 304 stainless steel standard 
pipe. All material is commercial with standards per ASME Section VIII Code. 
All tube-to-tube and tube-to-header welds are made by using automatic weld 
process commercially available. All active tubes are coated with Pyromark, a 
heat collecting material. Costs include welding jig and weld development. All 
tube butt welds are radiographed. No installation costs are included. 

3. Thermal Storage Subsystem 

The hot sodium storage tank is a standard AP! type vessel 100-ft in diameter 
and 45-ft shell height with cone roof and column supports, all constructed with 
Type 304 stainless steel. The shell walls vary from 1/4-in. thickness at the 
top course to 1-in. thickness at the bottom course. The bottom is 1/4-in. plate 
and the roof is 3/16-in. thick. The vessel is of all-welded construction. 

The cold sodium storage tank is a standard AP! type vessel 100-ft in diamete 
and 41-ft shell height with cone roof and column supports, all constructed of 
SA.516-70 and SA36 cai~bon steel. The shell walls vary in thickness of 1/4-in. 
top course to 11/16-in. bottom course. The bottom is 1/4-in. plate and the roof 
is 3/16-in. thick. The vessel is of all-welded construction. 

A ring is provided around the base of each tank to provide a lateral seismic 
tie between the concrete base and the tank, with slotted attachments for thermal 
growth. A drip basin is also included around the base of the tanks. 

The pump, piping, and valves are priced in the same manner as that used for 
the receiver subsystem. 

4. Master Control Cost Analysis 

a. Costing Results 

Summarized costing results relating to the Master Control Equipment sub­
system are shown here for the Pilot Plant and for the First and Nth Commercial 
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power plants that employ liquid sodium as a coolant in the receiver. Appen-

dices A, B, C, and D provide a further breakdown of these costs. The nonrecurring 

1978 DOLLARS IN MILLIONS 

Cost Element 1st Nth Commercial 
Pilot Commercial 100 MWe 300 MWe 

Nonrecurring $1.25 $0.58 $0.26 $0.26 

Investment 0.73 0.58 0.41 0.41 

Visibility 0.14 0.12 0.08 0.08 
--

Total $2.12 $1.28 $0.75 $0.75 

1st Year O&M $0.05 $0.05 $0.05 $0.05 

Followon O&M $0.05 $0.05 $0.05 $0.05 

costs for Hardware Design and Engineering (4352) and Software Design, Development 

and Test (4353) cover unique effort associated with the sodium control concept. 

The investment cost represents the cost of production-procurement, installation 

and checkout of the Master Control Unit (MCU) and includes an 8% fee. The visi­

bility applies to the investment only and indicates a protected cost. However, 

it is just as likely that the lower projection will occur. The operations and 

maintenance indicate the costs of the various service contracts for the equipment 

procured for the MCU. It is important to note that the costs for the specialized 

subsystem controllers are not covered by the Master Control Subsystem Cost. 

b. Basic Scenario 

The Pilot Plant provides for the first 11 all-up 11 sodium system solar plant 

control. Both the Pilot Plant and the First Commercial require special data 

acquisition hardware that disappears in the Nth scenarios. 

The First Commercial installation is assumed to be equivalent to the third 

in line following prior development, including the Pilot Plant. However, the 
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prior development relates more to the smaller Pilot Plant and water-steam systems. 

The Nth unit is costed as the 14th unit. For any given installation, the console 

is assembled and checked out, probably through simulation at the laboratory in 

Huntington Beach. After testing, the console is disassembled into major components 

and packaged and shipped to the installation site where it is reassembled and 

checked out for system operation. It is assumed that each installation is 

identical. 

Although the conmercial costs for the MCU are given in 1978 dollars, techno­

logical advances are taken into account, especially for the processor and the 

disc. The MCU will provide monitor and control of all system and subsystem 

parameters necessary to ensure safe and proper operation of the plant. The 

control practices are proven and off-the-shelf substantiating simple interface 

between the master control and each subsystem. 

Those parameters that are pertinent to the evaluation of plant performance, 

safety and operation are displaced and/or recorded. The master control is 

designed to operate the plant essentially automatically with the override capa­

bility of the operator. Should the operator desire, the subsystem control can 

be accomplished through manual operation through single console control with 

easily read displays. 

In general, the master control provides coordinated control and integration 

of the subsystems for single operator, single console control. Figures 3, 4, 

and 5 provide further insight on the technical characteristics of the costed 

hardware. 

c. Costing Approach 

Costs were developed based on specific identification of hardware require­

ments and the manpower on lapsed time necessary to perform the necessary assembly, 

testing and installation and other tasks. The preponderance of the material 

requirement is in the form of purchased parts, so that it was possible to obtain 

these costs along with the monthly maintenance contract costs from supplier 

catalogs. Hours have been developed as an extension of the manning and lapsed 
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times. Factors have been added to the costs to cover the 8% fee, rework, direct 
support of the engineering time, and efficiency. Labor has been costed on a 90% 
cost reduction curve, but material items, with the exception Df processors, have 
been costed the same for all plants. The processors have been costed in accordance 
with the expected state-of-the-art for the time frames involved. Overhead is 
included as a factor on the applied labor rate. All labor is assumed part of 
the engineering burden centers. Transportation has been costed as a factor of 
the hardware cost. 

B. ALTERNATIVE CONCEPT WITH AIR-ROCK STORAGE 

The cost summary for the 100-MWe Conmercial Plant with the air-rock storage 
system is presented in Table 3. Backup cost data are presented in Appendix B. 
A flow schematic of the receiver and storage subsystem are shown in Figure 6. 

The cost data of Table 3 are the same as those of Table 1 except for 
CBS 4600, Thermal Storage, and for CBS 4520 for the additional piping. CBS 4800 
also changes since this item is proportional to the other subsystem costs. 
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4000 

TABLE 3 
100-MWe PLANT WITH AIR ROCK STORAGE 

(Sheet 1 of 3) 

Solar Plant Capital Investment Cost 

First Conmercial 
Air-Rocks 

Solar Plant Cost 

4100 

4200 

Site, Structures and Miscellaneous Equipment 

4110 Site 1,500 

4111 Land 
4112 Yard Work 

4120 Buildings 2,200 

4121 Turbine Building 1,386 

4122 Administration Buildings 180 

4123 Warehouse-Maintenance Buildings 300 

4124 Control Building 216 

4125 Other 118 

4130 Miscellaneous Equipment 1,681 

4131 Transportation and Lifting 
Equipment 721 

4132 Conmunication Equipment 110 

4133 Other 850 

Turbine Plant Equipment 

4210 Turbine Generators and Accessories 10,856 

4220 Heat Rejection System 4,215 

4230 Condensing Systems 320 

4240 Feed-Heating or Recuperator System 1,655 

4250 Working Fluid Circulation, Treatment, 
and Auxiliary Inventory Containment 
Equipment 2,378 

Subtotal 
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5,381 

19,424 

24,805 

($000) 
Nth Plant 
Air-Rocks 

153,083 
5,381 

1,500 

2,200 

1,386 
180 
300 
216 
118 

1,681 

721 
110 
850 

19,424 

10,856 
4,215 

320 

1,655 

2,378 

24,805 

124,982 



4300 

4400 

TABLE 3 
1OO-MWe PLANT WITH AIR ROCK STORAGE 

{Sheet 2 of 3) 
Solar Plant Capital Investment Cost 

First Conmercial 
Air-Rocks 

Electric Plant Equipment 4,834 
4310 Switchgear 860 
4320 Station Service Equipment 1,502 
4330 Protective Equipment 253 
4340 Power Wiring, Electrical Structures, 

and Wiring Containers 938 
4350 Master Control Equipment 1,281 

4351 Hardware 697 
4352 Hardware Design and 

Engineering 332 
4353 Software Design, Development, 

and Test 252 
Collector Equipment 60,596 
4410 Reflective Unit 16,956 
4420 Drive Unit 24,177 

4421 Azimuth or Horizontal Drive 
4422 Elevation or Vertical Drive 
4423 Motors 
4424 Position Indicators or Encoders 
4425 Power Distribution and 

Emergency Supply 
4430 Control and Instrumentation 2,621 

4431 Sensor or Calibration Equipment 
4432 Field Control Electronics 
4433 Control Signal Distribution 

Equipment 
4440 Foundation and Site 10,918 
4450 Heliostat Support and Protection 2,525 

4451 Heliostat Support Structure 
4452 Heliostat Protective Enclosure 
4453 Lightning Protection 

4460 Field Assembly and Checkout 3,399 
4470 Design and Engineering 

Subtotal 65,430 
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($000) 
Nth Plant 
Air Rocks 

4,301 
860 

1,502 
253 

938 
748 

487 

185 

76 
45,820 

12,460 
18,420 

1,720 

8,590 
1,910 

2,720 

50,121 

, 



4500 

4600 

4800 

TABLE 3 

100-MWe PLANT WITH AIR ROCK STORAGE 
(Sheet 3 of 3) 

Solar Plant Capital Investment Cost 

First Commercial 
Air-Rocks 

Receiver Equipment 24,588 

4510 Receiver Unit 9,388 

4511 Absorber Unit 4,022 

4512 Support Structure 236 

4513 Receiver Circulation Equipment 1,526 

4514 Instrumentation and Control 2,289 

4515 Transportation, rield Erection, 
and Installation 1,315 

4520 Riser, Downcomer, and Horizontal 
Piping 5,362 

4530 Working Media Cost 183 

4540 Tower I 3,156 
4550 Foundation 

4560 Steam Generator or Working Media 
Heat Transfer Equipment 5,144 

4570 Design and Engineering 1,355 

Thermal Storage Equipment 11,021 

4610 Media Containment Equipment 538 

4620 Media Circulation Equipment and 
~uffer Storage 1,900 

4630 Working Fluid Circulation Equipment 1,391 

4640 Discharging Heat Exchangers 6,051 

4650 Charging Heat Exchangers 

4660 Foundation 240 

4670 Design and Engineering 300 

4680 Media 601 

Distributables and Indirect Costs 27,239 

4810 Temporary Facilities, Equipment,etc. 1,200 

4820 Spa re Parts 600 

4830 Architectural Er.gineering Services 1,482 

4840 Construction Management 3,693 

4850 Plant Startup and Checkout 1,000 

4860 Contingency 19,264 

Subtotal 62,848 
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($000) 
Nth Pl ant 
Air Rocks 

21,397 

8,586 

3,220 

236 

1,526 

2,289 

1,315 

5,362 

183 

3,156 

4,110 

0 
9,978 

538 

1,900 

1,250 

5,450 

240 

600 

18,681 

1,200 

505 

1,455 

3,449 

500 

11,572 

50,056 
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111. 281-MWe COMMERCIAL PLANT COST 

The 281-MWe Commercial Plant cost surrmary is presented i~ Table 4. The 
cost data is for the Nth Plant. Backup cost data are presented in Appendix C. 

A. 281-MWe PLANT DESCRIPTION 

The 281-MWe plant flow schematic is shown in Figure 7. The concept is 
identical with that for the 100-MWe plant with two exceptions. Two evaporator 
units are used in parallel, and an additional feedwater heater is inserted on 
the suction side of the feedwater pump, giving a total of seven heaters. Table 5 
provides a summary of basic 281-MWe plant data. The design data sheets of 
Appendix D, Vol II provide a list of system and component performance and design 

data. 
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TABLE 4 
281-MWe COMMERCIAL PLANT WITH ALL-SODIUM STORAGE 

(Sheet 1 of 4) 
• 

Solar Plant Capital Investment 

Solar Plant Cost 
4100 

4200 

Site, STructures and 
Miscellaneous Equipment 
4110 Site 

4111 Land 
4112 Yard Work 

4120 Buildings 
4121 Turbine Building 5,500 
4122 Administration 

Buildings 
4123 Warehouse-Maintenance 1,600 Buildings 
4124 C~ntrol Building 
4125 Other 850 

4130 Miscellaneous Equipment 
4131 Transportation and 

Lifting Equipment 350 
4132 Communication Equipment 110 
4133 Other 

Turbine Plant Equipment 
4210 Turbine Generators and 

Accessories 
4220 Heat Rejection System 
4230 Condensing Systems 
4240 Feed-Heating or Recupera-

tion System 
4250 Working Fluid Circulation, 

Treatment, and Auxiliary 
Inventory Containment 
Equipment 

Subtotal 
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Cost ($000) 
Nth Plant 

306,034 

11,239 
2,829 

7,950 

460 

38,759 

21,560 
9,875 

577 

3,203 

3,544 

49,998 



TABLE 4 
281-MWe COMMERCIAL PLANT WITH ALL-SODIUM STORAGE 

(Sheet 2 of 4) 

4300 

4400 

Solar Plant Capital Investment 

Electric Plant Equipment 
4310 Switchgear 
4320 Station Service Equipment 

4330 Protective Equipment 
4340 Power Wiring, Electrical 

Structures, and Wiring 
Containers 

4350 Master Control Equipment 
4350 Hardware 
4352 Hardware Design and 

Engineering 

4353 Software Design, 
Development and Test 

Collector Equipment 
4410 
4420 

4430 

4440 
4450 

4460 
4470 

Reflective Unit 
Drive Unit 
4421 Azimuth or Horizontal 

Drive 
4422 Elevation or Vertical 

Drive 
4423 Motors 
4424 Position Indicators or 

Encoders 
4425 Power Distribution and 

Emergency Supply 
Control and Instrumentation 
4431 Sensor or Calibration 

Equipment 
4432 Field Control Electronic! 

4433 Control Signal Distribu-
tion Equipment 

Foundation and Site 
Heliostat Support and 
Protection 

4451 Heliostat Support 
Structure 

4452 Heliostat Protective 
Enclosure 

4453 Lightning Protection 

Field Assembly and Check Out 
Design and Engineering 

Subtotal 
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Cost ($000) 
Nth Plant 

6,865 
1,502 
2,163 

300 

2,231 

669 
408 

185 

76 
131,820 

35,830 
53,030 

4,890 

24,720 

5,550 

7,800 

138,685 



TABLE 4 
281-MWe COMMERCIAL PLANT WITH ALL-SODIUM STORAGE 

(Sheet 3 of 4) 

Solar Plant Capital Investment 
Cost ($000) 

Nth Plant 

4500 Receiver Equipment 42,077 

4600 

4800 

4510 Receiver Unit 
4511 Absorber Unit 6,288 
4512 Support Structure 455 
4513 Receiver Circulation 

Equipment 4,342 
4514 Instrumentation and 

Control 2,802 
4515 Transportation, Field 

Erection, and Instal-
lation 2,538 

4520 Riser, Dowr.comer, and 
Horizontal Piping 

4530 Working Media Cost 
4540 Tower 

4550 Foundation 
4560 Steam Generator or Working 

Media Heat Transfer 
Equipment 

4570 Design and Engineering 
Thermal Storage Equipment 
4610 Media Containment Equipment 
4620 Media Circulation Equipment 
4630 Working Fluid Circulation 

Equipment 
4640 Discharging Heat Exchangers 
4650 Charging Heat Exchangers 
4660 Foundation 
4670 Design and Engineering 
4680 Media 

Distributables and Indirect Costs 
4810 

4820 
4830 

4840 
4850 

4860 

Temporary Facilities, 
Equipment, etc, 
Spare Parts 

Architectural Engineering 
Services 

Construction Management 
Plant Startup and Checkout 
Contingency 

Subtotal 
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16,425 

9,538 

520 

7,652 

7,942 

30;490 
8,025 
1,886 

0 
0 
0 

579 

20,000 

44,784 

2,143 

1,250 

2,843 
6,795 
2,000 

29,753 

117,351 



OMlOO 

OM2OO 

OM3OO 

TABLE 4 

281-MWe COMMERCIAL PLANT WITH ALL-SODIUM STORAGE 
(Sheet 4 of 4) 

O&M Costs ($1,OOO/year) 

First Commercial Nth Plant 

Operations Supervision 

Maintenance Materials 

OM210 Spare Parts 1,078 
OM211 Turbine and Electric Plant 593 
OM212 Collector Equipment 363 
OM213 Receiver Equipment 122 
OM214 Thermal Storage Equipment 

OM22O Material for Repair 
OM23O Other 

Maintenance Labor 

OM31O Scheduled Maintenance 2,539 
OM32O Corrective Maintenance 

Total 
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843 376 

1,078 469 

469 
258 
158 
54 

2,539 1,800 

1,800 

4,460 2,645 
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TABLE 5 
ADVANCED CENTRAL RECEIVER SYSTEM -

281-MWe COMMERCIAL PLANT 
SUMMARY DATA 

Net Electrical Power MWe) 
Parasitic Power (MWe) 

Daytime 
Nighttime 

Insolation (W/m2) 

(Sheet 1 of 2) 

Maximum Solar Power Absorbed (MWt) 
Nominal Solar Power Absorbed for Direct 

Operating (MWt) 
Plant Net Efficiency(%) 
Collector Field Configuration 

Solar Multiple, Equinox Noon 
Number of Heliostats 
Heliostat Shape and Size [m (ft~ 
Number of Towers/Receivers 
Land Area (acre) 

Receiver Mid-Point Elevation [m (ft)] 
Receiver Configuration 

Number of Receiver Panels 
Receiver Height and Diameter [m (ft)] 
Receiver Maximum Heat Flux (MW/m

2
) 

Sodium Temperatures [0c (°F)] 
Receiver Sodium Flow Rate [kg/hr (lb/hr)] 
Steam Generator Sodium Flow Rate ] 

(Direct Operation) [kg/hr (lb/hr) 

281 

31 
16 
950 
1084 

723 
25 
Single 360°, North Biased 

1.5 

40,591 
Square, 7.38 x 7.42 (24.2 x 24.3) 

1 
2220 
268 (879) 
External Cylinder 
24 
22.8 X 22.8 (74.8 X 74.8) 

1.94 
288/593 (550/1100) 
10.2 X 106 (22.6 X 106) 

6.82 X 106 (15.0 X 106) 
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TABLE 5 
ADVANCED CENTRAL RECEIVER SYSTEM -

281-MWe COMMERCIAL PLANT 
SUMMARY DATA 

(Sheet 2 of 2) 

Thermal Storage Capacity (MWth) 
Total Sodium Inventory f kg (lb)] 
Steam Generator and Reheater Type 

Steam Conditions [MN/m2, 0c (psia, °FJ 
Initial 
Reheated 

Steam Flow Rate [kg/hr (lb/hr)] 
Daytime 
Nighttime 

TSS Sodium Flow Rate [kg/hr (lb/hr)] 
Feedwater Temperature f0c (°F)] 
Turbine Back Pressure [MN/m2 (in. Hg)] 
Heat Rejection [ MW (Btu/hr)] 

Daytime 
Nighttime 

*Includes 180 MWt for startup/shutdown 
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2350* 

23 X 106 (50.4 X 106) 
Modular Steam Generator 

16.6, 538 (2400, 1000) 
538 (1000) 

9.3 X 105 (20.5 X 105} 
8.80 X 105 (19.5 X 105} 
6.82 X 106 (15.0 X 106) 
242 (468) 
0.007 (2.0) 

442 (1500 X 106) 
420 ( 1430x 106} 



IV. Pl LOT PLANT COST 

Pilot Plant cost summary data are presented in Table 6. The cost backup 

data are given in Appendix D. 

The Pilot Plant is designed to produce 10-MW net electrical power and to 

provide a test of the full-scale 100-MWe size receiver panels. 

The receiver consists of three full-size receiver panels arranged as a 

cylindrical segment to give ~38 MW thermal power. The plant schematic is shown 

in Figure 8, with performance parameters as given in Table 7. 

The Solar Multiplier (SM) is estimated to be 1.2 in order to supply a 1-h 

storage capability. The 1 h of storage capability was selected to provide 

demonstration of the buffering capability of the all-sodium storage system and 

yet demonstrate significant nighttime operation from storage without the cost of 

a longer duration storage capacity. 

The receiver outlet temperature will be 1100°F, the same as for the 100-MWe 

plant, in order to demonstrate sodium system capability and operation at this 

temperature condition. Since reheat turbines are not available in the small 10-

MWe size, reheat capability will not be provided. The steam generator will be a 

once-through unit of the MSG design. A once-through unit will be of sufficient 

size to represent the commercial-scale units. Steam outlet temperatures up to 

l000°F will be provided for demonstration purposes, though the turbine may be 

limited to lower temperatures. An attemporator will be used to reduce steam 

temperatures. The steam generator unit is expected to be nearly identical to 

the ESG MSG in physical size and design. 
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4000 

TABLE 6 

10-MWe PILOT PLANT 
(Sheet 1 of 3) 

Solar Plant Capital 

Solar Plant Cost 
4100 

4200 

Site, Structures and 
Miscellaneous Equipment 
4110 Site 

4111 Land 
4112 Yard Work 

4120 Buildings 

4121 Turbine Building 300 
4122 Administration 

20 Buildings 
4123 Warehouse-Maintenance 

50 Buildings 
4124 Control Building 100 
4125 Other 90 

4130 Mi see 11 aneous Equipment 
4131 Transportation and 

296 Lifting Equipment 
4132 Communication Equipment 11 
4133 Other 260 

Turbine Plant Equipment 
4210 Turbine Generators and 

Accessories 
4220 Heat Rejection System 
4230 Condensing Systems 
4240 Feed-Heating or Recuperator 

System 
4250 Working Fluid Circulation, 

Treatment, and Auxiliary 
Inventory Containment 
Equipment 

Subtotal 
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Cost ($000) 

1,427 

300 

560 

567 

4,880 

6,307 

Investment 

39,306 
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4400 

TABLE 6 
10-MWe PILOT PLANT 

(Sheet 2 of 3) 
Solar Plant Capital Investment 

Electric Plant Equipment 

4310 Switchgear 

4320 Station Service Equipment 

4330 Protective Equipment 

4340 Power Wiring, Electrical 
Structures, and Wiring 
Containers 

4350 Master Control Equipment 

4351 Hardware 868 

4352 Hardware Design and 790 Engineering 

4353 Software Design, 
Development, and 456 
Test 

Collector Equipment 

4410 
4420 

4430 

4440 
4450 

4460 
4470 

Reflective Unit 
Drive Unit 
4421 Azimuth or Horizontal 

Drive 
4422 Elevation or Vertical 

Drive 
4423 Motors 
4424 Position Indicators 

or Encoders 
4425 Power Distribution and 

Emergency Supply 
Control and Instrumentation 
4431 Sensor or Calibration 

Equipment 
4432 Field Control Elect 

Electronics 
4433 Control Signal Distri-

bution Equipment 
Foundation and Site 
Heliostat Support and 
Protection 
4451 Heliostat Support 

Structure 
4452 Heliostat Protective 

Enclosure 

4453 Lightning Protection 
Field Assembly and Check Out 
Design and Engineering 

Subtotal 

ESG-79-2, Vol IV 
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Cost {$000) 

3,154 

> 1,040 

;) 

2,114 

7,090 

2,630 
4,460 

990 

960 

I 390 
I 

550 
570 

13,704 
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4600 

4800 

TABLE 6 
10-MWe PILOT PLANT 

(Sheet 3 of 3) 

Solar Plant Capital Investment 

Receiver Equipment 
4510 Receiver Unit 

4511 Absorber Unit 
4512 Support Structure 
4513 Receiver Circulation 

Equipment 
4514 Instrumentation and 

Control 
4515 Transportation, Field 

Erection, and 
Installation 

4520 Riser, Downcomer, and Hori-
zontal Piping 

4530 Working Media Cost 
4540 Tower 

, 
4550 Foundation 
4560 Steam Generator or Working 

Media Heat Transfer Equipment 
4570 Design and Engineering 
Thermal Storage Equipment 
4610 Media Containment Equipment 
4620 Media Circulation Equipment 
4630 Working Fluid Circulation 

Equipment 
4640 Discharging Heat Exchangers 
4650 Charging Heat Exchangers 
4660 Foundation 
4670 Design and Engineering 
4680 Media 

Distributables and Indirect Costs 
4810 

4820 

4830 

4840 
4850 
4860 

Temporary Facilities, Equip-
ment, etc. 
Spare Parts 

Architectural Engineering 
Services 

Construction Management 
Plant Startup and Checkout 
Contingency 

Subtotal 
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Cost ($000) 

8,063 
1,523 

345 
246 

80 

798 

54 

2,426 

28 

}1 ,049 

900 

2,137 

1,471 
478 
20 

0 

0 
0 

14 
711 
248 

9,761 

2,594 

47 

473 

1,287 

500 
4,860 

19,295 
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Figure 8. 10-MWe Pilot Plant With All-Sodium Storage 



TABLE 7 
ADVANCED CENTRAL RECEIVER 

SYSTEM SUMMARY DATA -
PILOT PLANT 

Net Electrical Power (MWe) 
Parasitic Power (MWe) 

Daytime 
Nighttime 

Isolation (W/m2) 

(Sheet 1 of 2) 

Maximum Solar Power Absorbed (MWt) 
Nominal Solar Power Absorbed for Direct 

Operating (MWt) 
Plant Net Efficiency(%) 
Collector Field Configuration 

Solar Multiple, Equinox Noon 
Number of Heliostats 
Heliostat Shape and Size [m (ft)J 
Number of Towers and Receivers 

Receiver Mid-Point Elevation [m (ft)J 
Receiver Configuration 

Number of Receiver Panels 
Receiver Height and Diameter [m (ft)J 
Receiver Maximum Heat Flux (MW/m2) 
Sodium Temperatures r0 c (°F)J 
Receiver Sodium Flow Rate [kg/h (lb/h)J 
Steam Generator Sodium Flow Rate 

(Direct Operation) [kg/h (lb/h)J 

10 

1. 2 

0.6 
950 
36.2 

30.2 

North 
1. 2 

1065 (Inverted) 
Square~ 6.4 x 6.4 (24.2 x 24.3) 
1 

104 ( 341) 
External Cylindtr 
3 

16.1 X 6.3 (52.8 X 20.7) 
1. 53 
288/593 (550/1100) 
0.337 X 106 (0.741 X 106) 

0.281 X 106 (0.018 X 106) 
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TABLE 7 
ADVANCED CENTRAL RECEIVER 

SYSTEM SUMMARY DATA -
PILOT PLANT 

(Sheet 2 of 2) 

Thermal Storage Capacity (MWth) 
Total Sodium Inventory [kg (lb)] 
Steam Generator and Reheater Type 

Steam Conditions [MN/m2, 0 c (psia, °F)J 

Initial 
Steam Flow Rate [kg/h (lb/h)J 

Daytime 
Nighttime 

TSS Sodium Flow Rate [kg/h (lb/h}] 
Feedwater Temperature [°C (°F)] 
Turbine Back Pressure [MN/m2 (in. Hg)] 
Heat Rejection [MW (Btu/h)J 

Daytime 
Nighttime 
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30.2 
0.352 X 106 (0.775 X 106) 
Modular Steam Generator 

10.10, 538 (1465, 1000) 

0.42 X 105 (0.929 X 105) 
0.405 X 105 (0.893 X 105) 
0.281 X 106 (0.618 X 106

) 

234 (453) 
0.007 (2.0 

22 (75 X 106) 
21.2 (72 X 106) 



V. SOLAR THERMAL ELECTRIC ANNUAL ENERGY CALCULATED 
AND BUCKS INPUT DATA 

The Solar Thermal Electric Annual Energy Calculator (STEAEC) is a quasi­
steady state computer model which estimates the annual performance of a solar 
thermal electric power plant. BUCKS is a computer model developed for economic 
analysis of solar electric power plants. The model calculates the levelized 
busbar energy costs which is the constant revenue per unit output required over 
the lifetime of the plant to compensate for its fixed and variable costs, pay 
interest to stockholders, and provide return to shareholders. 

Both STEAEC and BUCKS were developed at Sandia Laboratories for use as 
part of the Central Receiver Solar Thermal Electric Program. MIRVAL is another 
program developed at Sandia to provide field efficiencies as a function of sun 
azimuth and elevation. These three programs are used in conjunction with each 
other (although they may be used independently) as shown in Figure 9. Figure 11 

shows the STEAEC block diagram, and Figure 11 shows the block diagram for BUCKS 

MIRVAL 

,~ 

STEAEC 

BUCKS 

r 

AZIM 

Fl 

SUN 
UTH AND ELEVATION 

DEPENDENT 
ELD EFFICIENCIES 

ANN UAL ENERGY PRODUCTION 

YSTEM SIZES SUBS 
SUBS YSTEM CAPACITY FACTORS 

Figure 9. Solar Thermal Electric 
Power Plant Analysis Models 

• 

PLANT BUSBAR ENERGY COST 

9272-13 
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Figure 10. Solar Thermal Electric Annual Energy Calculator 
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Figure 11. BUCKS 
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The block diagrams show the general logic and information input and output for 

both these programs. More detailed information is contained in the Sandia 

reports for these programs. 

A. COMMENTS 

1. STEAEC 

a. Collector Field Efficiency Data, F 

The effects of reflectivity, atmospheric attentuation, blocking, shading, 

cosine, tower shadow, tracking errors, alignment errors, receiver interception, 

and heliostat reliability are all included in the function, F. In the STEAEC 

program, Fis represented by a bicubic spline fit to a rectangular array of 

elevation and azimuth angles (Qe' Qa). The data provided for the ACR collector 

field are shown in Table 8. The dot(.) entries indicate nonexistent values for 

any one of several reasons. Since STEAEC uses a bicubic spline fit for these 

data, Sandia has suggested using F values scaled from the STEAEC sample problem 

data in lieu of "zeros" to preclude spurious STEAEC output resulting from the 

bicubic spline fit methodology. The scaling factors are shown in Table 9. The 

"adjusted" values for use in the STEAEC input data are shown in Table 10. 

2. BUCKS 

BUCKS inputs are taken primarily from the cost breakdown of Section II. 

Other inputs such as capital cost escalation rates, income tax, and construction 

time and year of commercial operation are assumed values. ACR plant sizes are 

those resulting from the baseline design. STEAEC inputs are discussed in the 

next section. 

B. INPUT DATA 

1. STEAEC 

Table 11 shows the STEAEC sample problem inputs provided by Sandia and are 

included for reference purposes only. Table 12 shows the data developed for the 

ESG-79-2, Vol IV 
53 



TABLE 8 
FIELD EFFICIENCY MATRIX, F, PROVIDED BY MDAC 

Azimuth 
Elevation 

0 30 60 75 90 110 
• 

5 . . 0.300 0.290 0.288 0.289 
15 . . 0.472 0.462 0.463 . 
25 . 0.592 0.578 0.570 0.561 . 
45 0.662 0.660 0.657 0.644 0.631 . 
65 0.672 0.667 0.660 . . . 
89.5 0.678 . . . . . 

TABLE 9 
SCALING FACTORS USED WITH SAMPLE DATA 

Azimuth 
Elevation 

0 30 60 75 90 110 

5 . . 1. 240 1.229 1.247 1.279 
15 . . 1.035 1.048 1.074 . 
25 . 1.039 1.068 1.065 1.077 . 
45 1.064 1.078 1.070 1.075 1.082 . 
65 1.067 1.044 1.066 . . . 
89.5 1.085 . . . . . 

TABLE 10 
FIELD EFFICIENCY MATRIX, F, WITH "ADJUSTED" DOT VALUES 

Elevation 
0 30 

5 0.311 0.310 
15 0.506 0.491 
25 0.609 0.592 
45 0.662 0.660 
65 0.672 0.667 
89.5 0.678 0.675 

Azimuth 

60 75 

0. 300 0.290 
0.472 0.462 
0.578 0. 570 
0.657 0.644 
0.660 0.648 
0.676 0.677 
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90 110 

0.288 0.289 
0.463 0.431 
0.561 0.539 
0.631 0.613 
0.643 0.636 
0.678 0.679 

130 

. 

. 

. 

. 

. 

. 

130 

. 

. 

. 

. 

. 

. 

130 

0.278 
0.427 
0.525 
0.601 
0.639 
0.689 
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TABLE 11 
SAMPLE PROBLEM STEAEC INPUTS 

Stilt.CC. aLltDUt.. rou 
IIIIU4 
00040 
oooso 
40464 

IJ CCI D• Tt 
CONNOI !Dt.TA2I PTllf, PWf, Xt, TRI, T&2, Tl2A, Tkl, PTS, 

I PPS, PFT, PTT 

00010 
00010 
AIUWI. 

COMMON /STICE/ .S.U.!l-S.-- _ur.s... .. us ... UE s •. £.SKA.ll'. 
DATA PTIIP /6,/ , P\lf /0,/ 
DATA SUPTS fO.f , UPFS fO.I, XES 10,/, XPfS /0./ 
COtfNOI /CQNCOI( 1!1(6) NI 678(7) NY fR,(6 71 CQf(l6) 6) 

00100 I LC:l, LCY 
00110 CONNOI ICONCOLI FS, ASB, AOL, TLIML, TLIMU, ELIM, WSLIM, RFLCTY 
OQIZO CONNON /.cJUlll.WLJlE.fllS ... WSl.lil). WSEfli) __ 
001]0 CONNON /COM&CV/ EPS • XKR, IS. ALPHAR. TCS, RHF, CAXP, D&PTF, 
00140 I NODPO, XTD, DTST 
00150 CONNON /CO!flll/ NIJII NCYII IXLR('i) CUI(&) flll{JO) 
00160 CONNO• ICOHXLPI NXLP, TXLP(9), YXLP(9) 
00170 CONNON ICONTAII ALPHA, BETA, TAUi, TAUS, ALPH&, ALPKS, TPF&L, 

_QO.LaQ _____ L.ll~SJ. •. .ADXPC. t,tFI, uus. s,uc. SHFD, tuuss. IIUPMF 
00190 CONNON ICOHEPSI NREPSR, NCEPSR, REPS&(4), CEPSR(6), FEPSR(24) 
00200 CONNON fKOHEPSI N&EPSS, NCEPSS, REPSS(4), CEPSS(6), FEPSS(24) 
99210 CDltMOII f£QMSTM/ PTSHAX rrs:u,J EMAi EMI1 ES JI I A I 
00220 1 ALPHC. ALtHD. ALP8L, Cl, CZ, Cl, Dl, 02, Dl, LS 
00210 CONNON ftSTATUI ISII, ISBT, lSUt, lSUS, l<lfa, lUFS, lOFRPS, 
JIJl2.il__ __ Lial:Jll'U______ _ _ __________ .. _________________________ _ 

002SO DUA AZR fO.,l0.,60,,7S.,90,,IIO.,llO.f , NY l1/ 
00260 DATA ELI f5.,1S,,25,,45.,6S,,89.5/ , NX /bl 
00210 n+r+ ,, t 
00280 1 .291S038S, .S611S821, .66819170, 
00290 1 .Z.07151~, .S44l26'1l, .6~5lll]C, 

_ _lllllQQ... ___ __1._iu_uu..1.._JJ.l.71l4.4 •• UllOSl 1, 
OOllO 1 ,Z7SS799S, ,Sl487068, ,624273Sl, 
00320 1 ,26982498, ,S0277789, ,60764914, 
00lJ0 ?63811 I I 47851924 S91..A!ll.li. 
00340 1 .26016708, .47302487, .H~Oi;)S, 
OOJSO DATA PS /889132./, 
Jlllll.ll___.L..ASLL1-U4L-.!IL. 
00370 1 AOL f].9l4E-7I, 
00380 1 tLl~L l12,0I, 
00190 l Tll~U /104.D/ 
00400 1 ELIM /0.0I, 
00410 1 WSLIII l16.0I, 

--1lDUJL _____ L.&£.J..<:ll. .10.~U 11.._. -
00410 DATA NEFWS /8/, 

• 7ZS883Sl, 
• 71349>80, 
• 11661620. 
.69904697, 
.6800270!, 
li.illlill­

.6534S907, 

.73Sl9690, ,72920901, 
• 1 .. so.,162, .12&127':,l, 
.72214159, ,72122612 • 
• 7!418629, • 72779114, 
• 7080496 7, • 728764)4, 
-1.'1.U.Jlj_tiff, 71079122 
• 70355616, • 74037288/ 

oouo 1 wsx 10.o,2.o.•.o,6.o,a.0.10.0.12.0,11.4/. 
aa+,o I wstr " a a 999\ a 91u o gg~.9_11... •. .2.Jas o 964 o 942/ 
00460 DATA EPS f0.93677I, 
00470 1 ua· f6.695E-2/, 
00410 1 RS l560,0/, 
00490 IAVllU/0.51, 
oosoo 1 TCS to.st. 

__JIQ$1P _L.&llL.1ll • ..L0l---- _____________ _ 
OOS20 1 CAXP fJ.824E-SI, 
OOS]O 1 DEPTF /0.15/, 

OOSSO 1 XTO /0. 7S/, 
OJS6u 1 otst /0. 7H 

__JlQlJ.J) _________ DUA..NCXI.L..l.~L-JIXl,R ,o.O.l,0.8,0.I0,0 •. 16,0I -· 
QOS80 OAtA NRXLk /5/, CXLR ,- •• o;Jl.0,68.0,104,0,140.0I 

OOS90 DATA FXUI 
00600 I 2,6461.•2 2 1911·2 2,3391..::Ll..J.J.ik_l_._l.J.1-"2-"E:.-1..Z~---------

00610 l 2,62SE•2,2.~71E-2,l.)ltH:-l,l.11tb41:::-L.l.4llE-l, 
00620 1 2,8S7E-2,2,104E-2,2.7S0£-2,2.696E-2,2.64lE-2, 

-~---Ll•'iUl.=1.JJl.UE,cZ,2. 820E-2, 2. 766E-2 ,2. H lE-2, 
00640 1 ].OS9E-2,l,005£-2,2.9S2E-2,2.898E-2,2,84SE-2/ 
006SO DATA NltLP l9/, TXLP /-22,,-4.,14,,32.,S0,,68.,8&.,104.,122./, 
00660 1 XILP /l,473£-4 l, 39l~L .. 1 .. L)J.-=..~.!.-i.HJ;=.!.....l.Jj]E-4 l.!...Q...r..l..t..=.!......... .. ____ _ 
00670 I 2,991E-4,2.911E-4,2.830E-4/ 
00680 DATA ALPHA IO.OIIS8/, 

_Q_QH!l ____ .1 BETA_ /0,.Q6_4_l 7 I, 
00700 1 TAUR fl.Sf, 
00710 1 TAUS l21,Sf, 
OOIZO I ALPKR /2,641E-2{, 
00730 l ALPKS f2.ll7E-2I, 
00740 1 TPFRL 1296.50I, 

_.9.!l~- !..nrg___12as._001, _ 
00760 l AUXPC f6.S42E-ll, 
00110 I TNFI. /0, 2H, 
00710 1 ?NFS /0.26/, 
00790 l SNFC fO.OSI, 
00100 l SHFD f0,109I, 

_ 00810 ____ 1 _TUUSS I0.42218/, 
00820 I HOPKF /1/ 
oono DATA NCEPSR ,.,. REPSR /0.2S,0.50,0.75,l.OO/ 
Q014Q pATA NKEPSR /6/, CEPSR. /30 •• Q...._t.O.O, SO. 0 1 60. 0 1 70 • .!!.a..Jt~---
OOISO DATA fEPSR/ 
00860 1 .34SO •• l440,.l4lO,.l415,.lllO,.l2lO, 

_Q.~~___! ___ !_l}.6Q_.a !.~1ss. -~74S,. )7_25,. )68S,. 361 s, 
00810 1 .384l •. lllS, .1830,.3820, .3730, .3720, 
00190 1 ,l860,.l855,.J8SO,.J840,,l8J0,.3740/ 
00900 DATA NC£PSS /4I, REPSS /0.2S,0,50,0.75,l~.~070~/=---:-
00910 OATA Nl.£PSS /6/, CEPSS /lo.o.•o.o:s-o:o:&0.0,10.0,iiO:Ol 
00920 DAT.\ FEPSSI 
009]0 1_.211,.212,.212,.210,.201,.202, ···uo,4°ii _____ r--:-2-s;;; :-2;,· • .-·.-251, .252, .249, .2 ... 
oono 1 .261,.261,.266,.26s,.262,.2s1. 
00961!___ __ 1 • 284,. 28),. 282,. 280,. 217,. 210/ 
ocr,10·- DATA PtSHAX 12ss. 0/, 
00910 I PFSNA:l /28S,1I, 
00990 1 EHAX l1800.0I, 
01000 1 EKIN 170,0/, 
01010 1 ES 162,0I, 

g:g~~ ---: !LLr/~ii~~~s,. 

01040 1 I /0,00326I, 
OIOiG_ l___M._PKC /0.91{ 
01060 1 ALPKD fO. 98I, 
01070 I ALPHL I0.99970/, 
01010 1 CI IO. 90S70I, 

-01090 1 CZ /1.0HOE-4}, 
01100 1 Cl /-S.784£-8/, g::!g : :~ ,!::~-~!~~~:~~4~',,,__ _____________________ _ 
01130 1 DJ l2,448E-6I, 
01140 1 LS 12I 
01 UO --- OUA-1511 T1· 
01160 DATA ISi? Ill, ISUS IOI, IOFR IOI, lOFS /0/, IOFRPS/0/, lSUt !Of 
01170 CONNON IMLILKOI Nf,NT 
01180 DATA MF/-1/,Nt/O/ 
01190 IND 
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TABLE 12 
SALIENT ITEMS FOR ACR STEAEC INPUTS 

a•xac.ac1.Dxtx.1011 
00030 
00040 

~O' 
00060 
00070 
0'0'0'80' 
00090 
00100 
1IO'TT17 
00120 
00130 
O'O'TTO' 
OOISO 
00160 

-.m7(t·· 
00180 
00190 
0'0'%'00' 
00210 
00220 

--oo-no-··-· ·-· 
00240 
oozso 
OOttO 

0270 
280 
2:9(t-· 

JO~ 
)IO 

ILOCI: DATA 

COHKON /DAtAZ/ PTWF. PWF. X:T, ta,. raz. TK2A. TR), PTS, 
I Pis. Pr I, l'TT-·· --·---------- ·-- ------·--·-·------"---~--

COMMON /STRGE/ SUPTS, UPFS, XES, XPFS, £5MAXP 
DATA PTWP /D./ , PWF /0./ 
DXIX SUPiS JO.I I ans /0./, XES ·nr:r;-rn·-nr:-.r-------­
COIIIION /COIICO£/ ELR(6), NX, AH(7), U, fl(6,7), COF(16,5,6), 

I LCX, LCf 

C1JlOIOlr·tco11cocr-=;· ASB, AOL, TLI>fl, TLr~C'. ELH, VSLnr, ·ancTY 
COMMON /COHEFW/ ~EFWS, WSX(8), ~SEF(8) 
COMMON /COHRCV/ EPS , XHR, RS, ALPHAJ, !CS, B.HF, CAXP

1 
DEPTF, 

i HODPO, Xib 0 DlSt -

COMMON /COl'IXLR/ NKXLR, NCXLR, RXLR(S). C.r.t.il(6), FXLR(]O) 
COHMON /CONXLP/ HXLP, TXLP(9), YXLP(i) 

"COHl'IOW--1coHTRB/ ALPliA, BETA. TAUR, TA.:'S, ALPl:IR, ALPHS, TPFRL, 
l TPFSL, AUIPC, TMFR, THFS, SMFC, S~f~. !:.;t5SS, MOP11F 

COMMON /COMEPS/ NREPSR, NCEPSR, REPSi?.(4>, CEPSR(6), FEPSR(24) 
COHNON /KUHEPS/ NREtss. NCEP::is-;----RT'PS'S"T?fT; -cr~n.r.-n~rn.r---­
COHHON /COHSTR/ PTSMAX, PFSHAX, EUAX, E~:_'i, ES, XLL, A, &, 

l ALPl:I.C, ALPUD, ALPHL, Cl, C2, Cl, DL ilZ, :>l, LS 
cmr~--,nTATirtTSBQ:. IS-BT, ISUT. IStrS. r,JFl. IOFS-. - IOF"RPS .-­

l CCOP 74 ~:~: ~~= :~:: :~:: ~~:: ~~ :~:: ~~~)~-0;.i ,,.,.Y_/_7_;/ _______ _ 
DATA FR/ 

I • 0001, 
t .0001, -
I • JOO 

.000!, .0001, .b62, .672, .678, 
-·--ccrcto-t", -·· .591. c&•o, ·:&6T,-- .ooor; 

.472, .578, .657, .660, .0001, 
I • 290. ----, .4b2, .570, .644, .0001, .0001, 

t,120 .266, .463, .561, .6)1, .0001, ~ 
.OOOl, .0001, .0001, .0001, .0001, 
.0001, .0001, .0001, .0001, .0001/ 

DttA rs t& nctcto: f; - · -- ""•---·--
00160 I ASI /6.lZE-7/, 
DOJ7D 1 AOL /8.97E-7/, 
00390 l ILldt Ill. , 
00390 l TLIIIU /122.0/, 
00400 I !LIS /0. 0/, 
~- -·r·i,su,.-·tr&.1tt,· 
00420 I 2FLCTY /1.0/ 
0043D OATA NEFWS /5/, 
OO•UO l WSX fO.O,J.0,7.0,il.0,16.U/, 
00450 l WSEF /1.005,1.004,l.00).0.998,0.966/ 
00460 DATA EPS /0. 950/, 
00470 l XHR /1.6£-2/, 
00480 1 as /390.0/, 
00490 I ALPHAR /0.5/, ------,-= ft;-'Ir., ------------
00510 I RKF /0.02/, 
00520 I CUP /0.0/, 

00540 1 MODPO /2/, 

~---;..~~;~~t--
0057C DATA NCXLft /4/, RXLR /0.0,5.7,11.0,16.2::f/ 

580 DATA NRXLR /5/, CXLR /-4.0,32.0.68.0,lJ,.~.l~D.O/ 

600 
610 

l 4. 548£-2, 4. j48E-2, 4. 548£-2, 4. 548£-2, 4. 5,.:,. =:r:-2. 
1 4. 548£-2, 4. 548£-2, 4. 548£-2-, 4 .. 548.£-2, 4 •. H, !!E:-2. 

•no r;.~2:;7,·~}ot-z., ,, ZJo,-2, 5. not-2, s. 2Joc-2, 
1 5. 932E•2, 5. 932£-2, 5. 932E·2, 5. 932E-2, L HH-2/ 

OATA NXLP /9/, TXLP /-22.,-4.,14.,l2.,50.,oo.,S6.,ID4.,122./, 
1 IXLP ;8.Z87!-4,6.ll4!•4,7.98ZE ... 4,7.8'7"9'r-?;.--;-,-;i1/E ... 4,l.:52:5£ ... 4, 
1 7.372£•4, 7.220E-4,7.067E•4/ 

DATA ALPHA /0.0216/, 
- eoo t BETA· /0.00Sttf, 

1 uua /0./, 
l TAUS /0 .. /, 
l A.LPHk I z. P06H: Z/ 1 

1 ALPHS / l. 74 SE-2/, 
I TPFIL /260.00/, 

HP50 -t-ftt~t.-f-~00/-,"···----
1 AUXPC /4.595£-3/, 
I TMFI /0.14/, 

I SIIFC /0.02/, 
1 SIIFD /0.10/, 
I- -T llitltltlt·- ·'tB+ f-.· 
I IIOPMF /l / 

DATA NCEPSa /4/, 
DATA lfl!Pll /6/, 
DATA FEPSI/ 

1 .404,.401,.196, .388, .378, .367, 
.818 -+-•• ,,.,,.,-,4'H,.O~, .426, .018, .410. 

1 .417, .437,.436,.4]4, .431, .424, 
I .435, .435, .435, .435, .434, .430/ 

IA.TA .teEP33 /4/, ilEPSS /6.2S.tt.-7e-.'f}-.-,-s--~r.+ttt,'-
DATA NREPSS /6/, CEPSS /30.0,40.0,50.0,60.0,7:J.0,80.0/ 

70 
00980 
00990 
01000 
01010 -01030 

~ 
060 
070 

DATA FEPSS/ 
-·-t---.-46-4-;--.: "·&t-~·-.-·396-, -. llt8-, • 3 78, • 36 7, 

l .433, .433, .430, .424, .418, .410. 
I .417, .417, .436, .434, .431, .424, 

D~;~~;y;~;x•j;;o:o/, 
1 PFSKAX /260.0/, 
I EHAX /812. 5/, 
I £KIM /60.0/, 
I ES /60.D/, ...----~.--H-;-
1 A /0.0082/, 
1 B /0.00196/, 
l A:bPl:le /t.8/, 
I ALPHD /1.0/, 
I ALPHL /0.9973/, 

-+-iH-fh~f, ·-~- --. ------ -~----· ·--·---- ··- -· 
090 
100 

I CZ /0.0/, 
I Cl /0.0/, 

01120 1 DZ /0.0/, 
01130 I DJ /0.0/, 
Qllf.9 l bS /1/ ·--·----
011)0 
01160 
e+H& 
01180 
01190 

DATA 
IND 

IJFS /'J/. lUF&.PS/0/, lSUt /0/ 



all-sodium baseline ACR STEAEC inputs. The shaded areas are the salient items 

relating to the all-sodium ACR in particular. It should be noted that the input 
data reflect the choice of 11 derated 11 operation capability which is not applicable 
to the a 11-sodium ACR. The STEAEC computer output based on the 11 derated 11 opera­
ti on is shown in Table 13 using 10 hypothetical days of Barstow insolation data. 

TABLE 13 
PLANT CHARACTERISTICS - DERATED OPERATION CAPABILITY 

(Minimum Flow Options - Turbine Priority) 

Hypothetical Insolation and Weather Data 
(Year 1976) 

Yearly Energy From Turbine (MWh) 

Collector Field Size (m2) 
Receiver Size - Maximum Thermal Input (MW) 

Gross Maximum Electrical Output of EPGS at 74 Degs. 
(Wet Bulb, OF) (MW) 

Yearly Electrical Auxiliary Power Drawn From Net (MWh) 

Maximum Storage Charge Rate (MW) 
Maximum Storage Discharge Rate (MW) 
Maximum Storage Capacity (MWh) 

Number of Hours in Year 
Yearly Integral of Energy Storage 

6346.55 
692000.00 

390.00 

112.50 

307.25 
390.00 
260.00 
812.50 

87.84 
20426. 56 

Table 14 shows the revised ACR all-sodium baseline STEAEC inputs incorporat­
ing the 11 adjusted 11 field efficiencies and the 11 no derated11 operation option. 
These are the input data which will be used in subsequent STEAEC computer runs. 

Table 15 shows the STEAEC output used for the input to BUCKS. The values 
from the sample problem are shown along with those for the all-sodium ACR using 
36.5 times the STEAEC output for 10 days of Barstow data. The alternate input 
to BUCKS uses 400,000 MWe-h for the plant electrical generation derived from 
independent integration of the University of Houston solar insolation data and 

collector field efficiencies. 

2. BUCKS 

Table 16 presents the miscellaneous inputs required by BUCKS. The entries 

are noted and are self-explanatory. Base costs, both solar-related and nonsolar­

related, are provided in Tables 17 and 18, respectively. 
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TABLE 14 

REVISED ALL-SODIUM BASELINE STEAEC INPUTS WITH "ADJus·, Eu" 
FIELD EFFICIENCIES AND 11 NO DERATED 11 OPERATION 

AMIIG. IIADlr.t. l'OeT 
bti)JO liiliti blfX 
00040 CINIOII /DATA2/ P'IIIF, PIIF, XT, TRl, ?12, T&2A, TR), PTS, 
OOOSO I PPS, Pn, P?T 

--~---·- CIIQIOlr Urn.GE/ sons; UPPS, XES, XPFS, ESN.\XP 
00070 DATA mir /0. / , PIIF /0. / 
OOOIO DATA su"s /0./ , u,rs /o./, XES /0./, XPFS /0./ 
WU«J ttNRJN /Ctilwt/ Elli(6), n. -u.-cn. NY. Fl(&./). COF(i6.S,6), 
00100 I LCI, LCT 
00110 CC'.IIIOII /CmtCOL/ FS, A.SI, AOL, TLIHL, TLIMU, !Let:, WSLIM, U'LCTT 

--uot2lf--ccJIJtOlr7cmtEPll[REFVS, 1151(8), IISF.F(8i ·--··- ·--
00130 CCNfOII ICO!tiffl£YJ EPS , IHI, RS, Al.'"-AII, res, JUIIF, CAXP, D!PTF, 
OOUO l MODPO, XTD, DTST 
50150 tlMJN /CbNXf.lJ NIXl,K, NCILR, UL11TJT;~it(6), FXCR(JO) 
00160 CMION /COlfD.P/ NnP, TXLP(9), YXl,P(9) 
00170 CMION /CtllffU/ ALPffA, BETA, TAU&, TAUS, AI.PffR, ALPffS, TPFRL, 
oors:r··· I TPl'SI., AllllPC, THFR, THFS, SIIPC, Sltn>, TUlllSS, >llPffF 
00190 CONNOlf /COtlF.PS/ NREPSR, NCEPSl, IF.PSR(4), CF.PSR(6i, F£PSR(Z4i 
00200 CIJl4IIOII /KOtlF.PS/ NRF.PSS, NC!PSS. REPSS(4), CEPSS(6i • F£PSS(24) 
3d2lb Cl.MUN /Ctiiffll] P-ntfAX;-PY-~l!RAX~--»11~-..,..r.xcr.,;;-..-;--
00220 l ALPHC, ALPHD, ALPHL, Cl, C2, Cl. 01, D2, f)], LS 
00230 CQINON /TSTATU/ lSBI, [SIT, lSUT, ISUS, 10ra, lOPS, IOPIPS, 

·--llOnlr ··----rCCDPn - · ··· · - -·-·--
oono DATA A2l /0.,]0.,60,,7S.,90.,II0.,130./, II'/ n, 
00260 DATA !Ll /S.,U.,2S. ,4S. ,6S. ,89. S/ , NX /6/ 
00210 DATA Pl / 

. 00280 I .311, .SQ6, 
00290 I • 310, .491, 
OOJw T~'Jlllf.- - -- - .,n;. -
00310 I .290, .462, 
00320 l .211, .463, 
ObJJiJ l .289. .4ll. 
00340 I . 271, .427, 
OO]SO DATA rs /692000. /, 

--lllllllf--·r I.SI Hi. ln--:r. 
00370 I AOL /1. 97E•7/, 
00380 I TLIIIL /]2.0/, 
00190 l tLlMi / 122. 0/, 
00400 l ELl'4 /0,0/, 
00410 I WSLI!I /16.0/, 

··=ir · ---ranc,-r-Jr.or 
il0430 DATA lff!FIIS /S/, 

.609, 
• S92, 
.57f, 
.570, 
.561, 
.Il'J, 
, S25, 

.662, 
,660, 
.657, 
.644, 
,631, 
.TI,, 
,601, 

.672, 

.667, 
. --; 661);-·-· 

-"8· 
.64], 
.515", 
.639, 

.678. 

.67S, 
;Ti11,, -
.6H, 
.678, 
.r.tl, 
.689/ 

= : ::/~i?~S~i'.i,;'.::~~~~o.,%=•1-r-----------
00460 DATA !PS /0.950i, 
00470 I XR• /1.6£-2i, 
00480 l as /390,0/, 
00490 I ALPllA& /o.S/, 
OOSQO l TCS /0,5/, 

---oonu----·,111r-r.r. az:t, 
00520 I CAllP /o. 0/, 
00530 I DEPTF /0. Oi, 
UUS4U I MJUPO II/, 
005SO I XTD /1.0/, 
00560 I DTST io. S5/ 

-·-.,or.o-··-·- -Dllnnrcn.a-141, rm.• /o.o,5.7;ll.o,1&.2a1 
00580 llllTA IIUl.a /Si, CXLR /-4.0,32.o,68.o, 104.0,HO.Oi 
00511A !)\tA nLli 

- I 4.S48E•2,4,S48E-2,4.S48t-2,4.S48E-2,4,548E-2, 
00610 I 4. S48E-2,4. 548£•2,4. 54H-2,4. S4BE-2.4. S48F.•2, 
00620 I S. 230£•2,S. 2lOE•2, S. 230£•2, S. 230£-2, S. 230F.•2, 

. _OOIIJlr _____ rr.'1llr•l,5.912E-Z, S. 932£•2,S. 932!-2, S. 932F.•2i 
006S0 Da\tA NXLP i9i, TlU.P ; .... 22 •• -4.,14.,32.,50.,&8.,86.,l:)4.,122.i, 
00660 l TILP i8.287!....ft,8.ll4!-4.7.912F.-4,7.829E-4,7,677E-4,7.S25E-4, 
00610 I /.J,2£• .l.220E~,-7;-067!""-.7ii" - -·---------. 
00680 DATA >I.Pffl /0.02l~i, 
00690 I BETA i0.00571i, 
007:10 I TAOR /0. /, 
00710 I TADS /0,/, 
00720 I ALPlll i2. 7069E-2i, 
oO,JO i XLPRS fl. 7451-lT." -- - -
00740 I TPFRL i260. OOi, 
007SO l TPFSL ;zso.ooi, 

--"30750' - r·AtJIPC i4".595E-ll, 
00770 l TMR iO,Oi, 
00780 I THFS /0. 0/, 
00,90 I Sfltc /0.0/. 
00800 I SIIPD i0,0/, 
00810 I TU1l8SS iO. 381/, 

-oorn · rllDWlr TT; 
00810 DA.TA NCUSI i•i. REPSI io.zs.o.~.0-75,l.OOi 
~0840 DATA Hl:F.PSR i6i. CEPSR iJO.J.40.J.50.0.60.il.7::J.il.8.'.J.i)/ 
00850 DAIX FEPsRr---------·---------·-------- --'------
00860 I ,404,,401,.396,.311,.378,.367, 
00870 I .433,.433,.430,.424,.418, .410, 
008a1r , .·u7,-,,17; .436, .434, .411, .424, 
00890 I • 435,.43S,.43S, .43S, .434,.430i 
00900 DATA RCEPSS /4/, lEPSS /o.2s,o.so.o.;s,1.001 
-~ UAIA NREPSS 161;---cEPSS-7J:J.::f~liO.O.~.:J.50.0'.73"":~;lro:lJ/ ___ _ 

00920 DATA RPSSi 
00930 l .404 •• 4:)l,.J96 •• }88 •• J78 •• J67, 
IJ09'0 I . 433, .433, ,430,.424, .418,. 410, 
D09~i> l .4J7,.4Ji',.436 •• 434..,4JJ,.424, 
00960 l .4JS, .4JS,.4JS •• 435, .4J4 •• 430/ 
009,a ox:tx nSMAX""""nw:-iJi:--- ----- --------------
00980 I PPSIIAX /260.0i, 
00990 I EllAX i812, S/, 
01000 I !Ill, /60,0i, 
01010 l ES /60, 0/, 
01020 I XLL /0,0002li, 
C1TOJO. IA /'u.Oi; 
01040 I 9 /O. Oi, 
01050 I ALPffC /1.0/, 
01060 l ALPAD It. Oi, 
01070 I ALPHL iO. 9973/, 
01080 I Cl /1,0i, 
-01:wo I cz 10.01. 
01100 I Cl /0. Di, 
01110 I DI /1,0i, =--rDTr.r.or;----------------------
01130 1 01 /o.oi, 
01140 I LS iii 
OII50 -· DATA TSU ii/ 
01160 DATA ISIT /li. tsus iO/. [OFR iO/. (OPS iai. tOPRPSi:>/. ISUT i:Ji 
01170 CIJl4IIOII /IIULKO/ >F, NT 
Ollid IMtl ff1-l1 ,Nt10i 
01190 END 
IIIADT 



TABLE 15 
STEAEC OUTPUT-BUCKS INPUT 

(Plant Performance and Size Information) 
• 

ACR 
Sample (36.5 x 10 Days Alternate 

Barstow Data) 

PHR Annual Net Electrical Genera-
tion From Plant (MWe-h) 400,000 231,649.07 400,000 

SQM Collector Field Reflective Sur-
face Area (m2) 1,000,000 692,000.00 No Change 

SMWTH Receiver Peak Input Capacity 
(MWt) 650 390.00 

PMX Peak Gross Electrical Capacity 
of Plant (MWe) 100 112. 50 

S0L0AD Annual Electrical Energy 
Required by Plant From Utility 

11,214.63 Network (MWe-h) 0 

CHGRT Thermal Storage Peak Charging 
Rate (MWt) 350 390.00 

DCHGRT Thermal Storage Peak Discharge 
Rate ( MWt) 250 260.00 

SMWHR Thermal Storage Capacity 
(MWt-h) 2,500 812.50 

IYHR Number of Hours in Year 8,760 8,784.00 

XMWH2 Number of Hours in Year That 
Each MWt-h of Storage Capacity 
is Charged (MWt-h-h) 5,000,000 745,549.00 1,322,000 

The resulting BUCKS output based on 400,000 MWe-h solar plant generation 

annually is shown in Table 19. It should again be pointed out that the indicated 

cost of 105.88 mills/kWh represents a levelized busbar cost over the 30-year 

life of the plant assumed in this BUCKS case to be the years 1988 to 2018. It 

is the cost per unit of energy which must be charged over the plant lifetime to 

compensate for all fixed and variable costs, pay interest to bondholders, and 

provide return to shareholders. Feed pump costs are shown as zero since pump 

costs were lumped in the receiver and thermal storage systems. 

There is an approximate method to obtain estimated BBEC translated to base 

year dollars. Multiply the BUCKS BBEC by the ratio of total plant base years 

cost per MWe to the total cost per MWe installed. For this case, the ratio is 

1481041/2355204 = 0.6288. The approximate BBEC in 1978 dollars is 66.58 mill/kWh. 
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TABLE 16 
BUCKS INPUT 

(Miscellaneous) 

Capital Cost Escalation Rate 
Cost Estimate Base Year 
Composite Income Tax Rate 
Co~struction Time for Plant 
Fraction of Capitalization - Stock 
Fraction of Capitalization - Debt 
Rate of Return - Stock 
Rate of Interest - Debt 
Year of Plant Operation 
Depreciation Method DOB 
Base Sizes 

Collector Size (M2 Mirrors) 
Storage Capacity (MWt-h) 
Charge-Discharge Rate (MWt) 
Gross Output (MWe) 
Receiver Capacity (MWt) 

Base-Solar Related Costs 
Base-Nonsolar Related Costs 
Maintenance - Annual 

Fixed per Plant 
Receiver 
Storage 
Collectors 
EPGS 

Contingency Fraction 
Insurance and Property Tax 

Operations and Maintenance Escalation Rate 
Thermal Storage Media Replacement Fraction 
Plant Life 
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Sample 

0 

1977 
0.50 
5.5 
0.50 
0.50 
0.11 

0.08 
1977 
Yes 

880,000 
1,600 
240/300 
110 

640 
See Tables 
See Tables 

1,050,000 
500 
50 
1 

0.15 
0.0045 
0.05 
0.5; O; 0 
30 

ACR 

6.0 
1978 
0.40 
4.0 
0.50 
0.50 
0.10 

0.08 
1988 
Yes 

692,000 
812.5 
390/260 
112. 5 

390 

70,000 
308 
66.5 
1. 15 
1,422 
0.129 
0.0225 
0.08 
O; O; 0 
30 



TABLE 17 
BASE SOLAR-RELATED COST ESTIMATES 

Cost Item 

Thermal Storage Shed 
Thermal Storage Media Only With Storage Requirements 

Heliostat Reflective Unit 
Drive Unit 
Sensor-Calibration 

Field Control 
(Blank - Array Position Unused) 

Foundat1on and Site 
Design-Engineering 

(Blank) 
Packing and Shipping 

Asserrbly and Installation 
Lightning Protection 

Receiver Unit 
Receiver Feed and Return Piping 
Design-Receiver, Piping, Tower 
Tower and Platform 
Tower Foundation and Site 
(Blank) 
Thermal Storage Tank Equipment 

Circulation Equipment 
(Blank) 
Piping From Receiver 
Piping to Turbine 
(Blank) 
Discharging Equipment 
Charging Equipment 

Instrumentation and Control 
Foundation and Site 
Design 
Storage Material 

Receiver Feed Pumps 
Master Control Equipment 
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Sample 
Problem 
Val ~e 
( 10 ) 

0.0 

3,600. 

70,000. 

60,000. 

1,000. 

20,000. 

0. 

7,500. 

2,000. 

o. 
900. 

9,500. 

1,000. 

50,000. 

10,000. 

3,000. 

20,000. 

9;500. 

0. 

10,000. 

5,500. 

0. 

300. 

600. 

0. 

5,000. 

4,000. 

500. 

700. 

2,000. 

7,000. 

1,000. 

2,000. 

ACR 
Value 
( 103) 

0. 

0. 

12,460. 

18,420. 

51. 

1,669. 

0. 

8,590. 

0. 

0. 

410. 

2,720. 

1,500. 

11,744. 

4,942. 

0. 

1,356. 

1,000. 

o. 
4,000. 

688. 

o. 
0. 

o. 
0~ 

0. 

o. 
0. 

300. 

0. 

6.400. 

0.0 

367. 



TABLE 18 
BASE NONSOLAR-RELATED COST ESTIMATES 

Cost Item 

Land and Yard Work 
Turbine Building 
Administration Building 
Miscellaneous Buildings 
Warehouse 
Maintenance Building 
Water Treatment Building 
Sewage Treatment Building 
Control Building 
Turbine Generator 
Heat Rejection Equipment 
Condensing System 
Feedwater Heating Equipment 
Water Treatment Equipment 
Electrical Plant 
Maintenance and Handling Equipment 
Mi_scel l aneous Equipment 
Transmission Plant 
Dis tri butabl es 
Spare Parts 
A&E Services 
Construction Manager 
Solar Integrator 
Solar Design 
Master Control Design 
Startup and Checkout 
{Blank) 

ESG-79-2, Vol IV 
62 

Sample 
Problem 
Value 
( 103) 

2,000. 
1,000. 

700. 
50. 
0. 

700. 
300. 

o. 
0. 

15,000. 
3,000. 

300. 
1,000. 
1,000. 
4,000. 
1,000. 
2,000. 

500. 
5,000. 
2,000. 
6,000. 
4,000. 
1,500. 

o. 
0. 

2,000. 
o. 

ACR 
Value 
( 103) 

1,500. 
1,386. 

180. 
118. 
150. 
150. 

o. 
0. 

216. 
10,856. 
4,215. 

320. 
1,655. 
2,378. 
2,415. 
1,141. 
1,200. 

938. 
16,422. 

422. 
1,399. 
3,004. 

0. 
o. 
0. 

500. 
0. 



TABLE 19 

ADVANCED CENTRAl RECEIVER - BUCKS OUTPUT 
(BBEC - Levelized Bus Bar Electrical Costs Over Life of Plant) 

(Sheet 1 of 3) 

PLANT SIZES 
o.bq2000E+Ob SQ METERS • F MIRRORS o.B12500E+03 MWHR_Of STORAGE o.Jqoooof+03 MWTH FOR RfCEIVfR 

o.1qooooE+03 MW(T) CHARGF RATE 0.2bOOOOE+03 M~(T) DISCHARGE RATE 112.soo MWf GROSS PfAK QUTPUT 

PLANT PERFORMANCE 
SOLAR GENERATION 0.400000f+Ob ANNUAL STnRED ENERGY o.1322oor+o1 

ECONOMIC ASSUMPTIONS 
Y £AR OF F 1.;_R,..S...,.T~C-;;c-n=MC7M""E R .. C...----1 A:--;L,-----;O::;--.P,.-;[;.R"/',..;-.T,----;;1;-,;n,7N;------;1---=q:---;;B:---;;8-.----

DE PRE CI AT ION METHOD OD BALANCf 

EFfECTTVf COST oF MQNE.V 0~_074 _______ -----------.. -------- ····--------··· -------------------------

rr, LAND/SITE o.1sooooE+07 
~ BUILDINGS 0.220000~+07 
~ COLLECTOR 0.458\qq£+08 
~ REC£IVER Oelbb8bOE+OB 

°' N TOWER 0 1 235bOOE+07 
w ~ THFRMAL STORAGE 0 0 113880E+08 

~ CAPACITY o.1o7000E+08 
~ CHARGE/DISCHARGE O,b88000E+Ob 

- DESIGN o.o 
< FEED PUMPS o.o 

MASTER CONT~OL o.lb7000F.+Ob 
tPGS o.21e3qoE+08 
OTHER E0UIP o.327qooE+07 
DISTRIB/INOJRECTS o.211a10E+08 
CONTINGENCY 0.1&40b4Et08 
TOTAL PLANT 0.14J588E+Oq 
XMEO 0 1 0 

TOTAL PLANT 
s 2355204.00 PER GROSS M~E INSTALlEn $ 1481041,00 PER GROSS M~f,BASF VfARS 

AMVAL BBEC 
lNVEST•TAX s 0,32CH30E+Ob o:q25b7q£+02 MILLS 

DEPTAX s 0.&42Aq7E+OS O~l80815E+02 MILLS 

tNS s o.'524q2tE.+os O~t4q040f+02 MILLS 

FIX U•M s o.S8&315E+0'5 o,t&aqotf+02 MILLS 

VAR O•M s o.o 0 1 0 MILLS 

TOTAL s 0.37b4bl.lE+Ob 0.10~88tE+OJ MILLS 



TABLE 19 
ADVANCED CENTRAL RECEIVER - BUCKS OUTPUT 

(BBEC - Levelized Bus Bar Electrical Costs Over Life of Plant) 
(Sheet 2 of 3) 

COLLECTOR 
s 7515b2.b2 PfR GROSS MWE lNSTALLfn s 472&10.37 PfR GP• SS MWl,BASE YEAR$ 

AMVAL BRf:C 
INVEST•TAX s o.1oso2ar+o& o:2q5Jqtl+02 MILLS 
OEPTAX s 0.205153E+0'5 0~57bQq2f+01 MILLS 
INS s 0,lbq102E+05 0,475~q8E+01 MILLS 
FIX O•M s Oa38q238E+05 o.1oqa73r.+02 MILLS 
VAR O•M s 0,0 o,o MILLS 
TOTAL s 0,l4034bE+0b 0.3q4724E+02 MIILS 

RECEIVER 
s 273&92,Sb PrR GROSS MWf tNSTAllEn s 172108.0b PER GPnSS MWf,BASE YEARS fTT 

AHVAL BRlC V, 
Ci) tNVEST•TAX s 0.382474E+05 o,t0757tl+02 MILLS r 
....... DEPTAX s o. 7470qH.+04 o,2tottqf+0t MILLS 1.0 
I INS s 0,b1'5808E+04 o,t7Jtqb[+01 MILLS °' I'\) FIX O•M s o,'i8542Sf+04 .i:=. .. 0.1b4b5tl+01 MilLS 
~ YAR O•M s o.o o~o MltLS .... TOTAL s 0a42788qE+05 0.l20344E+02 MILLS -< TOWER 

s 38b44.35 PER GROSS MWE INSTALlln s 2430t.oo PfR GROSS MW(,BASl YEAR$ 
AMVAL BBEC 

INVEST•TAX s 0,54003qE+04 o.'tc;t88bt+Ol MILLS 
DEPTAX s 0,105487E • 04 0~2qbb8tE+oo MILLS 
INS s 0,8b94q8E+03 0.244~4bl+00 MILLS 
FIX O•M s o.o o~o MJLLS 
VAR O•M s o,o o_o MILLS 
TOTAL s o.S21'502E+04 o:t4b&73F+Ot M]lLS 

THERMAL ST 
s l8&7ql.8l PfR GROSS MWf INSTALLED s ttt4&l,b9 PfR GRnSS MWf,BASE YFARS 

AMVAL BBEC 
INVESTeTAX s Oe2bl034E+05 o;734tS~f+01 MILLS 
DEPTh s 0,504883[+04 o,t4340'5E+01 MILLS 
tNS s Oa420281E+04 o,tt8204E+0t MILLS 
FIX O•M s o.2&3429f+04 o,740A.4£ • 00 MILLS 
VAR O•M s o.o 0,0 MILLS 
TOTAL s o.278417E+0'5 0.1AJ041E • 0t MILLS 
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FEED POMPS 
s 

INVEST•TAX 
DEPTAX 
INS 
FIX O•M 
VAR O•M 
TOTAL 

MASTER CTL 

TABLE 19 
ADVANCED CENTRAL RECEIVER - BUCKS OUTPUT 

(BBEC - Levelized Bus Bar Electrical Costs Over Life of Plant) 
(Sheet 3 of 3) 

·---~-- ----

o.o PER GROSS MWE INSTALLlO s o.o PER GROSS MWE,BASF YEARi 
AMVAL. 

o:o 
8REC 

s o.o MILLS 
s o.o o 'o MILLS 
s o.o o'o MILLS 
s o.o o,o MILLS 
s o.o o.o MILLS 
s 0 0 o·o --~1"JLLS --------~-~--~--

s o0t9.72 PfR GROSS MWE INSTALLlD s 3785 1 43 PER GROSS MWEtRASf VtAR$ 
AMVAL BBEC 

INVEST•TAX s o.841232E+03 0~23b59bE+OO MILLS 
DEPTAX $ o. tb43t9E+03 0,4b2t4RE•01 MILLS 
INS s o.t35444E+03 o,JAoq3hE-Ot MILLS 
FIX O•M s o.o o,o MILLS 
VAR D•M s 0 0 o.o MILLS 
TOTAL s o.a12Jr;bE+03 0.22A475E+OO MILLS 

ALL OTHERS 
s 109849&.00 P[R GROSS MW£ INSTALLED $ b90775.31 PER GRnSS MWE,BASt YEAR$ 

AMVAL BBH 
INVEST•TAX s o.t53510E+Ob 0~43174AE+02 MJLLS 
DEPTAX s o.29985tif+os o,B4334tE+01 MILLS 
INS s 0.2471b2f+05 O.bq5142E+Ol MJLLS 
FIX O•M s o.11219tf+os o;3t5r;JBE+Ol MILLS 
VAR O•M s o.o o,o MILLS 
TOTAL s o.tS94bOf+Ob 0.44R48?E+02 MILLS 
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APPENDIX A 

COST SUBSTANTIATION DATA 

FOR THE 100-MWe COMMERCIAL PLANT 

ALL SODIUM STORAGE 
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August 8, 1978 

Atomics International Division 
Rockwell International 
8900 DeSota Avenue 
Canoga Park, CA 91304 

Attention: Mr. T. H. Springer 

Subject: 100 HWe Commercial Plant Building 
Costs and O & H Costs 

Re: C-20325-34 

Advanced Central Receiver Power System 

Reference: AI Contract N311-002FX 
DOE Contract EG-77-C-03-1483 

Dear Tom: 

Confirming out telecopier transmittal of July 19, 1978, we are pleased to 
advise the following: 

Commercial Plant Building Cost Estimates 
4120 Buildings 

4121 Turbine Building (20m x 30m x 10m) 
198,000 c.f. x $7/c.f. = $1,386,000 

4122 Administration Building (15m x 15m x 8m) 
60,000 c.f. x $3/c.f. 180,000 

4123 Warehouse/Maintenance Buildine (25m x 25m x 8m) 
150,000 c.f. x $2/c.f. = $300,000 

4124 Control Buildine (12m x 12m x 14m) 
72,000 c.f. x $3/c.f. $216,000 

4125 Other Buildings 
.1 Water Treatment Jluilding (l'.im x l'.im x 6m) 

50,000 c.(. x $2/c.f- = $100,000 

• 2 Steam Generator & Sodium Heat Transport I) I) I) / i' ~ <i 
Pad (20m x 20111) 7 '/ ,// 
400 s.y. x $45/s.y. ~ $18,000 

IUHM .. 11 ti I fll V IJ II 
i~IHIY UH [K llHIVE ·PO UOX !>08!1 • llLNVUI, COL OHAl/0 UU71 I• Plt()Nl IJOJI l!>H I l'n • IWX ~l Ill ~Jl U4',3 Tfl l X 04~ !140 
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Stearns-Roger 

Atomics International Division 
Rockwell Internation~l 
Canoga Park, CA 9130/f 

100 MWe O & M Costs (El'GS & IlOP only) 

OMlOO Operations 
1. Operations/Shift: 

1 Shift Supervisor 
1 Station Operator (Relief for all classes) 
1 Control Operator 
1 Turbine Operator 

_2_ Auxiliary Operators 
6 per shift x 3 shifts 18 per 24 hr. day 

Additional on Day Shift: 

1 Senior Results Engineer 
2 Results Technicians 
1 Chemist 
1 Chemist Technician 
1 Electrical Foreman 
1 Electrical Specialist 
2 Electrical Apprentice 
1 Electrical Helper 

10 per day 

2. Administrative: 

1 Plant Superintendent 
1 Assistant Plant Superintendent 
2 Secretaries 

__ 2_ File Clerks 
6 per day 

3. Stores: 

2 Storepersons 

4. Schedulers: 

2 Schedulers 

5. Guards: 

3 Guards 

ESG-79-2, Vol IV 
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Stearns-Roger PAGl: __ 3 __ 

Atomics International Division 
Rockwell International 

Aueust 8, 1978 

Canoga l'ark, CA 91304 

100 MWe O & M Costs (EPC:S & IlOP only) - (Cont'd) 

6. Total EPGS Op0rations - 41 Employees on Payroll 

Operations Cost, including Administrative (excluding Maintenance): 

41 people x $21,000/yr. x 1.05 overtime= $904,000/year 

OM200 Maintenance Materials 
OM210 Spare Parts 
OM2ll Turbine and Electric Plant - Est. Spare Parts $150,000 

OM220 Materials for Repairs 
Maintenance Materials & Supplies 
Est. 50% of O & M Labor 
0.50 x $1,188,000/yr. = $594,000/yr. 

OM300 Maintenance Labor 
Maintenance: 

1 Maintenance Supervisor 
1 Work Foreman 
3 Classified Mechanics 
3 Plant Mechanics 
5 Helpers 

15 per day 

15 people x $18,000/yr. x 1.05 overtime == $284,000/year 

Very truly yours, 

STEARNS-ROGER ENGINEERING CO. 

AWM:vr 

cc: Steve Chalmers - SHP 

Qw M 'l':'"-·1-1 7U, 
A. W. McKenzie,)- -
Project Enf',ineer 
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'1'=·· ona101v1-. .... , 
Joa N0.13~·01c.B, 1 NOJKT _________________________ _ LOCATION __________ CLIINT _________ _ 

DATI J-1, o-, B TAKI-Off ________ PIICID ________ CALC. CHKD ________ APPIOVID _________ SHalT Of -· 

ITfM AND DfSCIIPTION QUANTITY UNIT MAT'L LA.IOI S,JI-CONT. MATfllAI IAIOI sul-CONTU.CT TOJAL 

- . -

- J. cJ~-s-
- Telcon with Al McKenzie 5/31/78 2:30 p. m. 

-
- ACCOUNT: 4200 TURBINE PLANT EQUIPMENT 

-
- Subaccount No. Description Cost 

-
- 4210 Turbine generator &r. accessories $10,856,000 

- 4220 Heat rejection system 4,215,000 

-
- 4230 Condensing system 320,000 

-
- 4240 Feed heating system 1,655,000 

- 4250 Working fluid circ., treatment 2,378,000 

-
- TOTAL 

$19,424,000 

-
-
-

CODI 

42DO I UP,."Blt.lt: pu,,..T ~u•pt-1~1 

Form 702-0 RA>v. 11-71 
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Table A-

ADVANCED CONCEPT 1ST COMMERCIAL PLANT - 100 MWe 
BREAKDOWN OF MASTER CONTROL COSTS BY CBS 

1978 DOLLARS AND HOURS IN THOUSANDS 

LABOR 

CBS COST ELEMENT ~ DOLLARS NON-LABOR TOTAL 

4351 Hardware 
LSI-11 Processor 

$ 14.94 $ 14. 94 

RXll BA Disc Drive and Control 
27.22 27.22 

TAll AB Recorder 
9.52 9.52 

rr, 
LAVll DA Printers 

8.55 8.55 

V, 
Ir> Terminal 

49.65 49.65 
I 

-.J 

'° 
$ 83.60 113.03 

)> I 
Cabinet 2.99 29.43 

I N 
.... y .... Cables 

10.50 10.50 

< 
0 .- Data Acquisition 

91.11 91.11 

3.83 3.83 
..... 
< Time 18.37 18. 37 

Weather 2.40 2.40 
Timers 
Assy, Trans., Install. & C/0 6.48 217.74 13. 51 231.25 

Subtotal 8.85 $301.34 $279.03 $580.37 

Visibility 
60.66 55.97 116.63 

Total 4351 $362.00 $335.00 $697.00 

4352 Hardware Design & Engr 6.65 $313.00 $ 19.00 $332.00 

4353 Software Design, Develop & Test 5.04 $237 .00 $ 15.00 $252.00 

OM300 Maintenance Labor (Subcontract) 
$ 0.05 $ 0.05 



Table 
1 

A 
ADVANCED CONCEPT NTH COMMERCIAL PLANT - 100 MWe 

BREAKDOWN OF MASTER CONTROL COSTS BY CBS 

1978 DOLLARS AND HOURS IN THOUSANDS 

LABOR 
CBS COST ELE!1filil. HOURS DOLLARS NON-LABOR ~ 4351 Hardware 

LSI-11 Processor 
$ 12.45 $ 12.45 RXll BA Disc Drive & Control 22.68 22.68 rr, 

TAll AB Recorder 
9.52 9.52 

V, 
Ci') 

LAVll DA Printers 
8.55 8.55 

I ...... 
I.O 

)> I 

Tenninal 
41.28 41.28 

IN ..... 
$ 66.19 

N 
Cabinet 2.37 29.43 95.62 

< 
0 
~ 

Cable 
10.50 10.50 -< 

Data Acquisition 
0 0 Time 

3.83 3.83 Weather 
18.37 18.37 Timers 
2.40 2.40 Assy, Trans, Install & C/0 5.07 170.04 10.37 180.41 

Subtotal 7.44 $236.23 $169.38 $405.61 Visibility 47.77 33.62 81.39 TOTAL 4351 $284.00 $203.00 $487.00 4352 Hardware Design & Engr 3.70 $174.00 $ 11.00 $185.00 4353 Software Design, Develop & Test 1.53 $ 72.00 $ 4.00 $ 76.00 OM300 Maintenance Labor (Subcontract) $ 0.05 $ 0.05 



Table A- -2 

1ST ADVANCED CONCEPT PLANT - HELIOSTAT COST - 100 MWe 

(Sheet 1 of 3) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 

HOURS DOLL 
WBS NUMBER AND TITLE (THOU) 00 00 00 

4410 Reflective Unit 101.56 1.43 l5.S3 16.96 
rr, 
V, 4411 Reflective Surface 31.03 .42 8.87 9.29 
G') 
I 

-.J 4412 Mirror Back Struct 36.68 .52 6 .11 6.63 
\0 

):> I 
I N 4413 Assy & Bond 33.85 .49 .55 1.04 

..... w 
w 

< 4420 Drive Unit 183.38 2.58 21.60 24.18 
0 _. 
..... 4421 Azimuth 93.10 1.31 5.34 6.65 
< 

4422 Elevation 59.25 .83 10.50 11.33 

4423 Motor Total 0 0 2.93 2.93 

4424 Pas/Limit Indicators 19.74 .28 .32 .60 

4425 Power Sply/Dist 0 0 2.50 2.50 

4426 Assy Dr/Ped/Elect 11.29 .16 .01 .17 

4430 Control/Instrmt Equip 58.92 .84 l. 78 2.62 

4431 Sensor/Calib Equip 0 0 .02 .02 

4432 Field Control 0 0 .01 .01 

4433 Cntrl/Sig Equip 56.42 .79 1.47 2.26 

44320101 Collector Control 2.50 .05 .28 .33 



Table ,4- -2 

1ST ADVANCED CONCEPT PLANT - HELIOSTAT COST - 100 MWe 

(Sheet 2 of 3) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 
HOURS DOLL 

WBS NUMBER AND TITLE {THOU) 00 00 il!:12. 
rrr 4440 Found/Site Prep 259.55 6.01 4.91 10.92 V, 
G) 

4441 Foundation 187.61 4.35 4.91 9.26 
I 

-.J 
\0 

4442 Site Preparation 71.94 1.66 0 1.66 
):> I 
I N .... ~ 

4450 Heliostat Spt St/Pr En 25.39 .35 2.17 2.52 
~ 

< 
0 

4451 Helio Suppt Struct 25.39 .35 2.17 2.52 
_. 

..... 
4452 Protection Encl 0 0 0 0 

< 

4453 Lightning Protect 0 0 0 0 
4460 Field Assy and C/0 162.22 3.39 .01 3.40 
4461 Hel iostat 57.83 1.34 0 1.34 
4462 Sensor/Calib Equip 0 0 0 0 
4463 Electrical/Distrib 32.44 .76 0 . 76 
4464 Align Heliostats 14.11 .32 0 .32 
4465 Field Support 18.34 .42 0 .42 
4466 Pack & Transp 39.50 .55 .01 .56 

TOTAL HELIOSTAT 791.02 14.60 46.00 60.60 



-------

Table /i -2 

1ST ADVANCED CONCEPT PLANT - HELIOSTAT COST - 100 MWe 

(Sheet 3 of 3) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 
HOURS DOLL 

WBS NUMBER AND TITL~ (THOU} 00 00 illl. 

J'T'I 
4100 Site, Struct, Misc Equip 2.82 .04 .49 .54 

V, 

4130 Misc Equipment 2.82 .04 Ci') .49 .54 
I 

-..J 0 \0 4800 Dist and Indir 0 .04 .04 
)> I 
I N ... ~ 4840 Initial Spares 0 0 .04 .04 

V, 
< 
0 OMlOO Operations 0 0 0 0 

- OM200 Maint Material 0 0 .20 .20 
< 

OM300 Maintenance Labor 40.17 .60 0 .60 

TOTAL O&M 40.17 .60 .20 .80 

Ongoing O&M 21.13 .31 • 15 .46 



Table .,ti -3 

NTH COMMERCIAL HELIOSTAT INVESTMENT COST - 100 MWe 

(Sheet 1 of 3) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 
HOURS DOLL 

WBS NUMBER AND TITLE (THOU) 00 00 ill)_ 
4410 Reflective Unit 60.65 .85 11.61 12.46 ['Tl 

V, 4411 Reflective Surface 18.33 .25 6.39 6.64 G') 
I --... 4412 Mirror Back Struct 21.16 . 31 4.81 5.12 '° J::> I 

IN 4413 Assy & Bond 21.16 .29 .41 .70 ,-.w 
O'I 

< 4420 Drive Unit 110.15 1.53 16.89 18.42 ,::, 
~ 

...... 4421 Azimuth 56.42 .78 4.21 4.99 < 
4422 Elevation 35.61 .50 8.25 8.75 
4423 Motor Total 0 0 2. 31 2.31 
4424 Pos/Limit Indicators 11.28 .16 .24 .40 
4425 Pwr Sply/Dist 0 0 1.84 1.84 
4426 Assy Dr/Ped/Elect 6.84 .09 .04 .13 
4430 Control/Instrmt Equip 36.30 .51 1.19 1.72 
4431 Sensor/Calib Equip 0 0 .03 .03 
4432 Field Control 0 0 .01 .01 
4433 Cntrl/Sig Equip 33.80 .46 .95 1.43 
44320101 Collector Control 2.50 .05 .20 .25 
4440 Found/Site Prep 204.53 4.73 3.86 8.59 



Table 4 -3 

NTH COMMERCIAL HELIOSTAT INVESTMENT COST - 100 MWe 

(Sheet 2 of 3) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 

HOURS DOLL 
WBS NUMBER AND TITLE (THOU) 00 il!1)_ llil 

4441 Foundation 148. ll 3.42 3.86 7.28 
IT1 4442 Site Preparation 56.42 
V, 

1.31 0 1.31 
G) 
I ....., 4450 Helio Spt St/Pr En 15. 51 .21 1.72 1.91 

<D 
J:> I 
I N 4451 Helie Supp Struct 15.51 .21 1.72 1.91 

..... V ....., 
< 4452 Protection Encl 0 0 0 0 
~ 

- 4453 Lightning Protection 0 0 0 0 
< 

4460 Field Assy & C/0 129.77 2.71 .01 2.72 

4461 Heliostat 45.13 1.04 0 1.04 

4462 Sensor/Calib Eq~ip 0 0 0 0 

4463 Electrical/Distrib 25.39 .61 0 .61 

4464 Align Heliostats 11.28 .25 0 .25 

4465 Field Support 15. 51 .35 0 .35 

4466 Pack & Transp 32.46 ~ .01 _&_ 

Subtotal - Heliostat 556.91 10.54 35.27 45.82 

Visibility - ..b1l 3.52 ~ 

TOTAL HELIOSTAT 12.65 38.79 51.45 



Table f -3 

NTH COMMERCIAL HELIOSTAT INVESTMENT COST - 100 MWe 

(Sheet 3 of 3) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 
HOURS DOLL 

WBS NUMBER AND TITLE (THOU) 00 il!:11 00 
m 4100 Site, Struc, Misc Equip 2.83 .04 .49 .53 
V'> 
G) 4130 Misc Equipment 2.83 .04 .49 .53 I 
--.J 
~ 4800 Dist and Indir 0 0 .02 .02 ),, I 

IN -~ Initial Spares 0 a .02 .02 (X) 

< 
0 OMlOO Operation 0 0 0 0 
...... OM200 Maint Material < 0 0 .17 . 17 

OM300 Maintenance/Labor 40.17 .60 0 .60 
TOTAL O&M 40.17 .60 .17 .77 

Ongoing O&M 20.70 . 31 .14 .45 
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Atomics International Division 
Rockwell International 

August 22, 1978 
RECEIVEU 

AUG 2 4 1978 

Correspondence Oepl. 

8900 DeSota Avenue 
Canoga Park, CA 91304 

Re: C-20325-37 

Attention: Mr. T. H. Springer 
Project Nanager 

Subject: 100 }Me Receiver Tower Cost 
Advanced Central Receiver Power System 

Reference: AI Contract N311-0002-FX 
DOE Contract EG-77-C-03-1483 

Dear Tom: 

Please be advised that the 100-MW 159m receiver tower cost presented at 
the third quarterly review meeting on August 15, 1978 did not include 
ancillary equipment (see our letter C-20325-27, dated June 9, 1978). 
The following preliminary equipment and material cost should be added to 
the tower and foundation cost previously presented: 

Caged Ladder 159m 
Service Platforms, incl. H.R. 
Aircraft Warning Lights 
Lightning Protection & Grounding 
Misc. Electrical & Lighting 
Elevator 159m (Subcontract) 
Direct Field Cost 
Indirect Field Cost 

TOTAL FIELD COST 

.$ 30,000 
125,000 
50,000 
15,000 
20,000 

500,000 
740,000 

70 000 
$810,000 

H /1,. 1'\1/1,.HfJ 

w.,.,tlfl• 
If you have any questions concerning these additional costs, please advise. 

Very truly yours, 

STEARNS - ROGER ENC IN EE RING CO. 

Ci.J..u;-n--~ . 
A. W. McKenzie ~ 

1 
/ (/ / 1.:.-S ,-: 

Project Engineer / 0 y J'0 - 'i 

H- HfiY ('Hf-~ I.: /}HIVF, µ () HI})( ',f..lHR • r1FNVf.H ,·n, I IHI\!){} MIi, I]• P141 ff\JI 1·11111 11 ,fi 11 .,., • 1W)I( 'I Ill 11·1 I f\,1 1· ., Tr I I- 'I 1\,11.., ,.,1(\ 
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CUSTOMER ATDl.-\lfh I Nif~>-lilTl(llJJ!. [.. 

LOCATION 

PROJECT Al)VA>Jt,ED lJ::NT/fAL ~~~,~" 
/57 /.4.ETE.R rawE~ - Soo k/&7 PECV/? 

REV. NO. REV. DATE 

ACT DESCRIPTION 
CRAFT LABOR MATERIAL 
HOURS 

A EARTHWORK I~ 4'11 -
B CONCREH .88' l,1§" '54 'fZb 

C BUILDINGS & STRUCTURES 

0 PROCESS EQUIPMENT 

E PIPING 

F ELECTRICAL 

G PAINTING 

L PLANT ITEMS 

N INSTRUMENTS & CONTROLS 

p INSULATION 

DIRECT FIELD COST lqof 507 lt;.;.d l<1u, 

H FIELD EXPENSE 

H ALL RISK. PR TAX, BONO 

I( CONSTRUCTION SUPPLIES 

M STARTUP 

s TEMPORARY FACILITIES 

V CRAFT BENEFITS 

V CONSTRUCTION CAMP. 

w CONSTRUCTION EQUIP. 

INDIRECT FIELD COST 76 "lo of D1;;,. 3(,,T /JI ;o,: 

TOTAL FIELD COST 

J ENGINEERING ~y "THE:-f<$ 

Q 

R 

y 

TOTAL FIELD & ENG. COST 

SALES TAX I NC.LU Oct) 
PREMIUM PAY 

ESCALATION 

CONTINGENCY 1,5% 

SUBTOTAL 

FEE !J6/,, 

TOTAL 
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OTHER TOTAL 

I/~ 40;,. 

I 44D 1'135" 

I 45?. 421 

~, 055' 

2 037 4fi 

z os1 14gz, 

)-'¼ 5t./ 

1/Z. zoz. 
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UNIT --i·1ANMOURS 

ACCOUNT ITEM AND DESCRIPTION QUANTITY UNIT COST UNIT TOTAL $/MH 
APVANlEJ) ,~~l~AL R~E=IVE~ 
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SHEET NO, I 
BY ,6.t..-. 

DATE 5 •3/·76 

LABOR MATERIAL OTHER TOTAL 

BZ 'l 2.. - 82'i2. 
1200 - 7200 

4DZ3~~ '2-08'12-O (<l~,2/A_ 
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. t.) /!£SAIL f7 = G.~ KS I 

.3).A,,_~w. S"ulL. 8,1.G., P11e;.s.: /_OJ.:Sf (_A"ulN' 
1/3 l_l'.JC/2.cASe ;o/2, ~E,::,vJ1C) 

. __ 4-) Esruv14TE0 NT'. o~ P11trJG J,..;c fL~ VA. ro~ 

-= /-:S ~1, . 
. _s) __ Tow_ell OeSIGN 8/:.SEQ Q,J .ts 6 MAX, G:.!ou>JO 

Acce1...£tz,H1oH D,1 Bor-1.; YetZ.rtCAL. ,l,\.'.c 
1-/ollt}:oN T"AL.. Ot!U-crto,,JS w/ 7 i CA.v.P1A,'(;. 

. aesPoJ'./Se 'S°P€c:.rr.4 f,2oM Nfl.C. /2.€C~. 
Gu,pE. /.<;o. ;J/Ze. EMP'-o'z'ED-
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FOR',1 62-11' 
REV. •. 7 5 

Stearns-Roger 

JOB No C 1. o 3._z_s-~---DATE s/ z.1.- h 5 
PAG ,i_ 

BY /2. JC CH",.__ ___ _ 

cusTOMER4ro11111cs L .. -:--c1:.N11r1t:,,..JAL PROJECT ______________ _ 
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THREE YEAR O&M COSTS 
AGUA FRIA STATION 

COSTS FOR SINGLE 100 MW UNIT IN SIX UNIT PLANT, $'s 

ACCOUNT 1975 1976 1977 
Operations 232,521 272,798 313,610 
Maintenance 265,535 296,540 527,903 

TOTAL 498,056 569,338 841,513 

COSTS FOR SINGLE 100 MW UNIT IN ONE UNIT PLANT, $'s 

ACCOUNT 1975 1976 1977 
Operations 534,798 627,435 721,303 
Maintenance 610,731 682,042 1,214,177 

TOTAL 1,145,529 1,309,477 1,935,480 

NOTES: 

AVERAGE 
272,976 
363,325 
636,301 

AVERAGE 
627,845 
835,648 

1,463,493 

1. The above costs are based on removing boiler and fuel related costs from total O&M. 
2. The three year period reflects a cycle of O&M events. 
3. There is some escalation (6% - 8%/yr) that is occuring over the three year period. 
4. Costs are based on actual and of course do not include requirements for sodium or 

solar systems. 



MINIMUM MANNING TABLE RECOMMENDED BY SRP 
FOR 100 MW SOLAR PLANT 

(Excludes Collector & Sodium Systems Maintenance) 

ADMINISTRATIVE & OFFICE TOTAL: 10 
( 1) Superintendent 
( 1) Asst. Superintendent 
(1) Clerk 
( 1) Statistician 
(1) Warehouseman 
(5) Guards 

ENGINEERING, RESULTS & CONTROLS TOTAL: 10 
( 1) Plant Engineer 
(1) Engineer (Controls/Computer) 
(2) Computer Technicians 
(2) Chemists 
(2) lnstrumant Technicians 
(1) Helper 
( 1 ) Apprentice 

OPERATION TOTAL: 20 
(5) Shift Foremen 
(5) Control Room Operators 
(5) Asst Control Room Operators 
(5) Auxiliary Operators 

MAINTENANCE TOTAL: 13 
( 1) Maintenance Supervisor 
(2) Working Foremen 
( 1) Electrician 
(3) Mechanics 
( 1) Machinist/Mechanic 
(1) Welder/Mechanic 
(3) Apprentices 
( 1) Janitor 

PLANTTOTAL: 53 

ESG-79-2, Vol IV 
A-73 



APPENDIX B 

COST SUBSTANTIATION DATA 

FOR THE 100 MWe COMMERCIAL PLANT 

AIR-ROCKS STORAGE 
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RECEIVED 

JUN 2 0 1978 ENGINEERING • CONSTRUCTION 

Correspondence Dept. 

Atomics International Division 
Rockwell International 
8900 DeSota Avenue 
Canoga Park, California 91304 

Attention: Mr. T. H. Springer 
Project Manager 

Subject: 300 MWe Plant Cost 

June 14, 1978 

Re: C-20325-29 

Advanced Central Receiver Power System 

Reference: AI Contract N311-002FX 

Dear Tom: 

In accordance with discussions held at the midterm review on June 6, 1978, 

we have prepared preliminary turbine selection and cost data for a 300 MWe 

(net) EPGS. Enclosed herewith are 300 MWe turbine-generator cost and per­

formance data for 1800 psig and 2400 psig reheat turbines dated June 7, 

1978. It appears that either the TC2F-33.5" or the TC4F-26" machines at 

2400 psig, 1000/1000 °F, 2" HgA would be the best choice in a seven heater 

cycle, based on cycle efficiency. 

Also enclosed is a preliminary cost estimate dated June 13, 1978 showing 

direct costs for account 4200 Turbine Plant Equipment and account 4300 

Electric Plant Equipment for both 100 MW and 300 MW plants. Please note 

that the 100 MW Electric Plant Equipment costs have been revised since 

the midterm review. A review of the 100 MW cost estimate revealed that 

the cost of heliostat power distribution and trenching had inadvertently 

been included under account 4300 and has been deleted in the revised esti­

mate. Also the costs under 4300 have been redistributed to reflect the 

proper charges in the various sub-accounts. 

Other cost estimates for the 300 MW Balance of Plant include the follow­

ing: 

700 SOUTH ASH• P.O. BOX 5888 • DENVER, COLORADO 80217 • PHONE (303) 758-1122 • TWX 910-931-0453 TELEX 045-540 
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Stearns-Roger 

Atomics International Diviiiion 
Canoga Park, California 91304 

June 11,, 1978 

4121 

4122 

4123 

Turbin~ Building 

Administration Building 

Warehouse/Maintenance Building 

) 

) Lot 

4123 Control Building 

4131 

4132 

4133 

Transportation and Lifting 
Equipment 

Communication Equip:nent 

Other 

(Included are service air and instru­
ment air compressor equipment, and 
miscellaneous building piping: 
service water, sanitary, heating, 
floor drains, roof drains, potable 
water, fire protection, etc.) 

$ 5,500,()()() 1· 

1,600,000 

350,000 7J 
110,000 

850,000 
S,4\ LJ, (')(l(J 

l, IOO,c100 

I, 3 IO, oc.-.o 

If you have any questions regarding the cost estimates or turbine data, 
please advise. 

AWM:vr 

Enclosure 

Very truly yours, 

STEARNS-ROGER ENGINEERING CO, 

{.U(/ JJ/ C ~,? J,u?-
A, W. McKenz1.e 
Project Engineer 
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Correspondence O..pt. 
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Sle~\.~ger ·····r-··!:·~ 

August 22, 1978 

Atomics International Division 
Rockwell International 
8900 DeSot•a Avenue Re: C-20325-38 
Canoga Park, CA 91304 

Attention: Mr. T. H. Springer 
Project Manager 

Subject: 300 MWe Plant Cost (Revised) 
Advanced Central Receiver Power System 

Reference: AI Contract N311-0002-FX 
DOE Contract EG-77-C-03-1483 

Dear Tom: 

Enclosed please find revised preliminary cost estimate dated 8/21/78 
(Rev. 1) comparing 100 }!We vs 300 }!We Turbine Plant Equipment and Electric 
Plant Equipment, This estimate supersedes th·e previous estimate dated 
6/13/78. 

Revision 1 changes the 300 MWe turbine-generator cost (account 4210, re­
flecting the use of a TC2F-33.5" turbine in lieu of a TC4F-26" turbine 
originally assumed. Also account 4220 (heat rejection system) revised to 
add an 80 acre evaporation pond ($3,600,000) to the 300 MWe plant. A 30 
acre evaporation pond was already included in this account for the 100 MWe 
plant at a cost of $1,500,000. 

If you have any questions concerning this revised cost estimate, please 
let us know. 

AWM:vr 
Encl. 

Very truly yours, 

STEARNS-'llOGER ENGINEERING CO. 

awm 'I<"""~ 
A. W. McKenzie 0 
Project Engineer 

HAY CREEK UlllVE • P.O. llOX 581!B • D~NVER, COLOliAIHl 80]1 I• PHONE CJOJI /51:1 I tn • lWX !JIU !!:JI 04t.3 HUX IJ4!J 54 
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C-20325 
6/13/78 

Rev, l - 8/21/78 

CONCEPTUAL DESIGN OF ADVANCED CENTRAL RECEIVER POWER SYSTEM 

ELECTRIC, POWER GENERATION SUBSYSTEM (STEARNS-ROGER) 

PRELIMINARY COST ESTHIATE 

100 MWe 

4200 TURBINE PLANT EQUIPMENT 

4210 TURBINE-GEN. AND ACCESS. $10,856,000 

4220 HEAT REJECTION SYSTEH 4,215,000 

4230 CONDENSING SYSTEMS 320,000 

4240 FEED HEATING SYSTEHS 1,655,000 

4250 WORKING FLUID CIRC., TREAT., ETC. 223781000 

TOTAL 4200 

'!300 ELECTRIC PL\:IT EOUIPNENT 

4310 SWITCHGEAR 

4320 STATION SERVICE EQUIP. 

4330 PROTECTIVE EQUIPMENT 

L,340 POWER WIRING, ELECT. 

NOTE: 

STRUCTURES AND WIRING 
CONTAINERS 

TOTAL 4300 

$19,424,000 

$ 860,000 

1,302,000 

253,000 

938,000 

$ 3,353,000 

1) Costs are current <llrect costs, no lndircct costs included. 
2) Heliostat power distribution not included, 

ESG-79-2, Vol IV 
C-10 

300 MWe 

$21,560,000 

9,875,000 

577,000 

3,203,000 

315441000 

$38,759,000 

$1,502,000 

2,163,000 

300,000 

2,231,000 

$ 6,196,000 

& 
& 

& 



Table C 
'ZS-I 

ADVANCED CONCEPT NTH COMMeRCIAL PLANT --aee MWe 
BREAKDOWN OF MASTER CONTROL COSTS BY CBS 

1978 DOLLARS AND HOURS IN THOUSANDS 

LABOR 

CBS COST ELEMENT HOURS DOLLARS NON-LABOR TOTAL 

4351 Hardware 
LSI-11 Processor $ 14.94 $ 14. 94 

RXll BA Disc Drive & Control 22.68 22.68 

rn 
TAll AB Recorder 9.52 9.52 

V, 
Cu LAVll DA Printers 8.55 8.55 
I 

-.J 
I.O Terminal 41.28 41.28 

(""') I 
IN 

, .... u Cabinet 2.37 $ 66.19 29.43 95.62 
....... 

< 
0 Cable 10.50 10.50 
~ 

...... Data Acquisition < 
0 0 

Time 3.83 3.83 

Weather 18.37 18.37 

Timers 2.40 2.40 

Assy, Trans, Install & C/0 5.07 169.94 10.37 180. 31 

Subtotal 7.44 $236.13 $171.87 $408.00 

Visibility 47.87 34.13 82.00 

TOTAL 4351 $284.00 $206.00 $490.00 

4352 Hardware Design & Engr 3.70 $174.00 $ 11 .00 $185.00 

4353 Software Design, Develop & Test 1.53 $ 72.00 $ 4.00 $ 76.00 

OM300 Maintenance Labor (Subcontract) $ 0.50 $ 0.50 



Table C. -4 
-z.dl 

NTH COMMERCIAL HElIOSTAT INVESTMENT COST - -300 MWe 

CAPITAL INVESTMENT 

LABOR MATL $ 
HOURS DOLL TOTAL WBS NUMBER AND TITLE (THOU} 00 00 -.Ul:1.1 

4410 Reflective Unit 174.52 2.42 33.41 35.83 ,,, 
4420 Drive Unit 316.96 4.46 48.57 53.03 

V, 
G) 
I 

4430 Control/Instrumentation Equipment 99.76 1.47 3.42 4.89 
...... 
I.O 

('"') I 

4440 Foundation/Site Preparation 588.55 13. 61 11. l 1 24.72 
IN 

..... w 
N 

4450 Helio Spt St/Pr En < 
44.63 0.60 4.95 5.55 

0 ..... 

- 4460 Field Assembly and Checkout 373.42 ..L]]_ 0.03 7.80 < 

1597.84 Subtotal - Heliostat 30.33 101.49 131 . 82 Visibility - ~ l 0. 13 16.20 
Total Heliostat 36.40 111. 62 148.02 4100 Site, Struc, Misc Equip. 8. 14 0.12 1.41 1.53 4800 Dist. and Indir. (Init. Sprs) 0.00 0.00 0.06 0.06 OMlOO OPERATION 0.00 0.00 0.00 0.00 OM200 MAINT MATERIAL 0.00 0.00 0.49 0.49 OM300 MAINTENANCE LABOR 115.59 1.73 0.00 1. 73 TOTAL O&M 115. 59 1. 73 0.49 2.22 ONGOING O&M 59.57 0.89 0.40 1 :29 
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.._, ....... -
5tc ,:rn., -no~er ~' ESTJr,1ATE SUMMARY 

CUS1·J~/1EH ATOMIC. JNrE/l lv,1 rt o,vri L PROP NO. 
LOC-\TION JOB NO. 2 03z c; 
rr•n :C:CT _rt.D //,~!JC CI> t">!:N7/<,4L ;f!:CPVE£ 

' 
DAH Z - /3 - 7r:f' >--

I .Zoo HEI (i'µr / -:J-.w.---1-METFA._<. /,.:, co /<11°..S BY 
REV. \-.iO. '- REV. r.:A.7C .,, 

BY V --
ACT! DESCRIPTION 

...,,:-,;.,,'F- I 
LABOR I MATERIAL OTHER UQL_•~: 

A I EARTHWORK I 11730 IZJl!'-o II it""o I 7 l37o I 

[J I CONCRETE 1771 219 21GPd525 179?\/zS j - -
C I BUILDINGS & STRUCTURES I I 
D I PROCESS EQUIPMENT I I I I 
E j D!,:'..l\~..JG I I 
F ) ~LECTR'l:A.._ I ; I i 

G I PAINTING I 
L i PLANT 17EMS I I l 
N I INSTRUMENTS & CONTROLS I 
p j INSULATION I I 

I 
I i I I - I 01RcC7 ~IELD COci I /7'li/l./9i Zl7o3,6"f'<T IIO/oi 72JT i 7!J.7ol 

H 

H 

K 

M 

s 
V 

V 

w 

J 

a 
R 

y 

i I ! I i I 
I FrELa EXPENSE I I I ! 
I ALL RISK. PR TAX. BOND I I 
I CONSTRUCTION SUPPLIES I 

STARTUP I I TEMPORARY FACILITIES I I 
I CRAFT oENEFITS ! 
I CONSTRUCTION CAMP. I I I 
I CONSTRUCTION EQUIP. I I I I I 
I ' I I I ' I 
/ INDIRECT FIELD COST 701¼ lor- .P/i{E(!I.T l-8:E~i!. 

I I I 
I TOTAL FIELD COST i 
I 

ENGINEERING .gy OT#E/l.<; 

TOTAL FIELD & ENG. COST 

SALES TAX 'I o/o t>F 11117 'l ~.rr 
PREMIUM PAY Nove;-

I ESCALATION CLIRRF.11/r P...:.1cE5 AA'(> LAe~ ~Are 
C0"1TINGENCY z;;_ 6" o.c- Tor,,<,c.. Ft€~ C!L>-.;r livs s~ 7,4,-

Ml,VU.S .Sv,IJC.LJ.VT~24CT 

sue TOTAL 

FEc 5"/4 OF 5llbToT~L 

TOTAL 

( ~ 1. ss-:.•-~h-1"' r"",., ')( 2 't o ~., I.:'. T ~.- Ii' 
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"200 J.I\ 
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TOTAL 
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I 
3172 I 17cf'c 
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TABLE 9. 1-5 

ADVANCED CENTRAL RECEIVER 

281 MWe O&M COSTS 

First Commercial $1, 000/yr 

O&M Items 

OMl00 Operations Supervision 

OM200 Maintenance Materials 

OM210 Spare Parts 
OM2 ll Turbine and Electric Plant 
OM212 Collector Equipment 
OM212 Receiver Equipment 
QM214 Thermal Storage Equipment 

OM220 Material for Repair 
OM230 Other 

OM300 Maintenance Labor 

OM310 Scheduled Maintenance 
OM320 Corrective Maintenance 

Total 

'11~ Rockwell lntematlonal 
Energy Systems Group 

593 
363 

122 

2,539 

1,078 

843 

1,078 

2,539 

4,460 

258 
158 

54 

1, 103 

1\Jth Plant 

469 

376 

469 

1, 103 

1,948 
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"-D'AlfD IY'1 t{J u) 1 /U' I 'l' Rockwell International 
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I 

CONCEPTUAL DESIGN OF ADVANCED CENTRAL 
RECEIVER POWER SYSTEM 

ELECTRIC POWER GENERATION SUBSYSTEM (S-R) 

Preliminary Cost Estimate 

Plant Size (Net Output) 

4200 Turbine Egui_g_ment 

C-20325 
8-29-78 

10 MWe 

4210 Turbine Generator & Access ............................... $2,600,000 

4220 Heat Rejection System.................................... 740,000 

4230 Condensing Systems....................................... 
95,000 

4240 Feed Heating Systems..................................... 
440,000 

4250 ~Jork Fluid Circulating, Treatment, Etc ......••••......... 1,000,000 

TOTAL 4200 ....................................
........... $4,875,000 

4300 Electric Plant Equipment 
4310 Switchgear ....................................

........•.. $ 

4320 Sta ti on Service Equipment ............................... . 

4330 Protective Equipment ....................................
 . 

4340 Power Wiring, Electrical Structure & Wiring Containers ..• 

290,00G 
410,000 
170,000 
170,000 

TOTAL 4300 ....................................
........... $1,040,000 
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Table 

ADVANCED CONCEPT PILOT PLANT 
BREAKDOWN OF MASTER CONTROL COSTS BY CBS 

fil!LDOLLARS AND HOURS IN THOUSANDS 

LABOR 

CBS COST ELEMENT HOURS DOLLARS NON-LABOR TOTAL 

4351 Hardware $ 33. 78 $ 33. 78 
LSI-11 Processor 
RXll BA Oise Drive and Control 

27.22 27.22 

9.52 9.52 
TAll AB Recorder 8.55 8.55 

...., 
l/') 

LAVll DA Printers 49.65 49.65 
G"> 
I 
'-I Terminal 
ID 

Cl I 
I N 

$ 83.60 
ID ~ 

Cabinet 
2.99 29.43 113.03 

10.50 10.50 

< 
0 

Cables 

- Data Acquisition 
186 .14 186.14 

3.83 3.83 
< Time 18.37 18.37 

Weather 2.40 2.40 
Timers 
Assy, Trans •• Install & C/0 .1..Jl 242.17 18.30 260.47 

Subtotal 10.12 $325.77 $397.69 $723.46 

65.23 79.31 144.54 
Visibility 

Total 4351 
$391.00 $477.00 $868.00 

4352 Hardware Design & Engr 15.84 $745.00 $ 45.00 $790.00 

4353 Software Design, Develop & Test 9.14 $430.00 $ 26.00 $456.00 

OM300 Maintenance Labor (Subcontract) 
$ 0.05 $ 0.05 



Costing Results 

Section 

COLLECTOR COST ANALYSIS 

Surrmarized costing results relating to the Collector Equipment subsystem 
are shown for Pilot, First and Nth Corm,ercial power plants that employ 
liquid sodium as a coolant in the receiver. 

1978 DOLLARS IN MILLIONS 
I £, '· ·, j..fli1- I I\JT,-. COST ELEMENT PILOT 1ST COMM 100 MWe 300 MWe 

Non-Recurring $ 4.70 
Transport & $ .24 $ 0.54 $ 0.53 $ 1.53 Lift Equip 
Co 11 ectors $10.55 $60.60 $ 45.82 $ 131 .82 

Visibility $ 5.63 $ 16.20 

lOTAL Collect $10.55 $60.60 $ 51.45 $ 149.55 
Initial Spares $ .01 $ 0.04 $ 0.02 $ 0.06 
1st Year O&M $ .09 $ 0.80 $ 0.77 $ 2.22 
Follow-On O&M $ .06 $ 0.46 $ 0.45 $ 1.29 

These costs are based on data developed in association with the Prototype 
Heliostat study. Tables -1 thru -4 provide further breakdown 
of these costs. Non-recurring costs for Commercial Plants are shown as 
nil because those costs that are not already paid for in prior development 
are allocated over all production and ir.cluded in the overhead. Visibility 
is buried in the Pilot and First Corrunercial costs but has been listed 

separately for Nth Commercial because of the likelihood of compensating 

ESG-79-Vol IV 
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Tabl'e -1 

ADVANCED CONCEPT PILOT PLA.~T - HELIOSTAT COST (10651 

tSheet l of 4 ) 

CAPITAL INVESTMENT 

LABOR AATL $ TOTAL 

NON 
RECUR HOURS DOLL 

was NUMBER AND TITLE _ill)_ {THOU) ill:lJ.. ilill.. ilt1l 

f"T"I 
(/') ~4410 Reflective Unit 311 21.94 .77 1.86 2.63 J:::-
G) 
I -.. 4411 Reflective Surface 88 6.67 .24 1.16 1.40 
\D 

C) I 
IN 4412 Mirror Back Struct 124 7.87 .27 .63 .90 

..... ~ ..... 
< 4413 Assy & Bond 99 7.40 .26 .07 .33 
0 
~ 

..... ~4420 Drive Unit 542 39.75 1.42 3.04 4.46 <.::--
< 

44 21 Azimuth 280 20.24 .72 .59 1.31 

4422 Elevation 175 12.97 .46 1. 57 2.03 

'1~?3 Motor Total 0 0 0 .50 .50 

•i•L'4 Pos/L1m1t Indicators 54 4. 12 .15 .03 • 18 

1.r;,5 Po·11cr Sply/Dist 0 0 0 .35 .35 

4'll6 Assy Dr/Ped/Elect 33 2.42 .09 0 .09 

~443.0 Control/lnstrmt Equip 171 12.85 .45 .54 .99 ~ 

4431 Sensor/Calib Equip 0 0 0 .01 .01 

4432 Field Control 
, . 13 0 0 0 

44 33 Cntrl/Sig Equip 161 12. 12 .43 .48 .91 



r.-tol• j) -, 

ADVANCED CONCEPT PILOT PLANT - HELIOSTAT COST (1065) 

(Sheet 2 of 4 ) 

CAP.ITAL INVESTMENT 

LABOR MATL $ TOTAL 
l'T1 NON V> 

RECUR HOURS DOLL G) 
I 

WBS NUMBER AND TITLE -11& (THOU) 00 il& il& -..J 
\0 

C:, I 
I N 

..... w 

44320101 Collector Control 9 .60 .02 .05 .07 N 
< 
0 

.96 
..... 4440 Found/Site Prep 134 22.54 .53 .43 ..... 
< 4441 Foundation 122 16.36 .38 .43 .81 

4442 Site Preparation 12 6. 18 • 15 0 • 15 
4450 Heliostat Spt St/Pr En 71 5.34 .19 .20 .39 
4451 Helio Suppt Struct 71 5.34 .19 .20 .39 
4452 Protection Encl 0 0 0 0 0 
4453 Lightning Protect 0 0 0 0 0 
4460 FielQ Assy and C/0 636 24.36 .55 0 .55 
4461 Heliostat 593 12.48 .28 0 .28 
4462 Sensor/Calib Equip 1 .13 0 ,0 0 
4463 Electrical/Distrib 37 7.03 .16 0 .16 
4464 Align Heliostats 3 3.15 .07 0 .07 



hble - l 

ADVANCED CONCEPl PILOl rLANT - HELlOSTAT COST (1065) 

(Sheet 3 of 4) 

------------ CAPITAL INVESTMEIIT --~-

LABOR MAT1=.i Nifil. 
NON 

RE.CUI< HOURS DOLL 

rn WBS NUMBER AND TITLE _ilK)__ {THOU) U& 11111. 00 
.n 
.:;-, 
1 
'-J 
-.> 

0 I 4°lti5 Field Support I .f,O .ell 0 . (; 1 

1 N - . w ,1.\ :i6 Pack & Transp 1 'JI .03 0 .G3 

< 
0 

---~ ..).(/0 Design/Engineering 2534 13. 94 .57 0 .57 ~ 

< Design 1575 0 0 0 0 
.',.; ll 

4.: 12 Sustaining Engr 580 13. 94 .57 0 .57 

4-i / 3 Pre Prod Unit 170 0 0 0 0 

4-~ 14 Site Activation 510 0 0 0 0 

TOTAL HELIOSTAT 4700 140. 72 4.48 6.07 10.55 

-:,, 4 ll)O Site. Struct. Misc Equip 0 1.22 .02 .22 .24 

~ 4130 Misc Equipment 0 1.22 .02 .22 .24 

• 4tl00 Dist and Indir 0 0 0 .01 .01 



Table -1 

ADVANCED CONCEPT PILOT PLANT - HELIOSTAT COST tl065) 

(Sheet 4 of 4) 

CAPITAL INVESTMENT 

LABOR MATL $ TOTAL 
NON 

rn RECUR HOURS DOLL t/) 
G') WBS NUMBER AND TITLE _im_ (THOU) il!1)_ ill1l. il!1l I 

"' I.O 
C:::, I 
IN 4840 Initial Spares 0 0 0 .01 . 01 ..... ~ 

.i,. 
< OMlOO Operations 0 0 0 0 0 0 

..... OM200 
< 

Maint Material 0 0 0 .03 .03 
OM300 Maintenance Labor 0 4.09 .06 0 .06 

TOTAL O&M 0 4.09 .06 .03 .09 

Ongoing O&M 0 1.80 .04 .02 .06 
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:;1c,a~~-~.:.-\l_ogcr ESTIMATE SUMMARY 

PROP NO. 

'LOCATION JOO NO. 2.03 2 5 
DATE ~ - ~ - 7cJl 

I /Do /.1ETE~S 11-qt;H I NoAJI!: KIPS ) BY rr, W f .,t-. 
ifEV. NO. R!V. DATE ., 8Y 

w 

ACT OESCf.llPTION LABOR MATERIAL SU;;.cc,-..1.fl~ TOTAL 

A EARTHWORK L//,2.. S 51/o I Z.l.Poo I 1770 I lo 110 

8 CONCRETE 211o37 4' 3B S'L/-+-o--.-"-3 ...... lo1-o--l--+--'----+--6o/ k~o I 
t--+----------+------"-'--+--+..;..:;~--'-------.,.......;---+------......... - ....... ~;;.+--...--.1--,1,-

C BUILDINGS & STRUCTURES 

D PROCESS ECUIPMENT 

E PIPING 

F ELECTRICAL 

G PAINTING 

L PLANT ITEMS 

N INSTRUME~TS & CONTROLS! I 
P INSULATION I 

I 
I 

DIRECT FIELD COST ILUJL,IC£DI 1/6§189(}. i /i77ol 16.t/ 171101 I 
I I 

H FIELD EXP!:NS:: I I ' I i I I 
H ALL RISK, PR TAX, 30~;D I I I I l I I 
K CONSTRuCT1or, suPP!..li:S I I j I 

M STARTUP 

S TEMi'ORARY FACILITIES t I 
V CRAFT eE"IEFITS I I 
V CONSTRUCTION CAMP. I ~ 

I 

I 
W CONSTRUCTION !:QUIP. I I I L I 

I I I I I 
INDIRECT Fl<:LCJ cosr i 7olo/o ~F ..01IZE~r I L/.:. . .scR.... 1.310:£5"5 

I ! I I 

TOTA!. FIH.D COST I I 1221§"95" 
i I 

I 

J ENGINE':.RING I 

----------------------------------..---._-i--+----
1 

I 
TOTAL FIELD & !:NG COST 

Q SALE~ TAX 

R PREMIUM PAY NOA;~ I I 
ESCALATION cu,eJ!EN7 /J~lt'. FS ,4 NO J.,4coR. 1,2~--,-:-r I I 

---,----------~-~--·----...... --t--9"--il---t-
CONTl",IGE~.:~ 7-f ¼ or TorA-L. F,Ez;;-· &sr hus s.1t..:::s r,1'): I I 

MINVS .:Jt/LJ~Jl',r"R,/f-C..T 

--+-s_u_a_ro_T_A_L _________________________ -+-_..a'/-:.'7..:..t:i7?c."".-,.--1-+-

y f'EE 1/?i ')LI-;, -----
TOTAL IIDl/87?.,c 

r-----t----------------------·-...£.;t:J.a:;..!"J....L.:Cflc"'J __ f-_.1_-+_-t_, ___ _ 
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CLIENT AT01.11c. LNrelt.NA-71cN,1-L 
ORDER rm. 2_O3:1..S- LOC/\TION _________ _ 

Ml\f'L -MI\NMOURS 
UNIT 

,CCOUNT ITEM /\ND DESCRIPTION QU/\NTJTY UNIT COST UNIT TOTAL $/M!t 

Towl=R: 
l/€°/~11-T 100 McTe,t< 

'-

RE"cv. fur A/oNC kll'S 

A --- >Oil. G:::/:~Av,1r10N J. 7/'7 _g___ - •DB Zl7 
-/. . ., z-

-- --· 
lf!,k.,_1;_-AU ... (toM/',UTcP .STl?ua:) _,:\ __ __ 7ov _fY 

,, .. 
,3S z_L/ S° I 2 •,.:;. '. 

r 
r . -- --

JJ !2E.J€°fi! eoN~.<€7€ - lc = ft-oD()f~ • /,N,8 . cy_ 3r'- /0 
t;C 

ft) S.J>D 15-

--
.B IOJvE~ STEGt: - t..-= 6~.to (,{, To~ 

Lf LI', . . /0 {to - 17•: ,/. ---- I 1 --

-t1

=¼o¢' 
------__ _.s. _ _ /v{4! fJc~~G'TG / 1 88.'> cy : . t ' . J_ /t9t5" ;s•..: ~-- ~--7 

- ~ ~ti't<.(o 
--

_.i__ t-1 "1 "'L27F€ L. /o:/ _}£_·. F,32, 
• <> 

_roN5 , ., ~ /7-
/; 

- - --
-- --- --

-· 

- --- -
-

To-rAL Z~'ln 
~---

SHEET NO,_.;.../__,_ __ 

BY ~• &. * 
DATE 2-/o- 7ef' 

LABOR Mt.,TER I /\L OTHER TOTI\ 
-

--

2
1
teo - ~o7o ~67, 

2./-l'lo .?, ,r"".., /,' C b.:.: 

I ':i' rJ' 71,,;,, '?.t,71./0 nc-, 't. 

/~ '2,'l(i 27/Cl/v I. 
~ 

- --
,ZS'lf,1/lS 5"t _;,,5"c.""> 31I C 0 

~ 

-
/'l,_!L/5" If 5t. 7/.v 5? c ---=..!..t..!. 

-

-
Lf!.fl/.ofc, 1(5, B'/o .;770 o,,~ /~;: 

fORM 22-133 R!;V 1 
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Energy Systems Group 

Summary 4800 

4810 - Temporary Facilities - See Breakdown Sheet 

4820 - Spare Parts 1 ~2% of 4200 through 4600 

4830 - A&E Services 5% of 4100 through 4300 

4840 - Construction Management 5% of 4100 t1Jrough 43 00; 
4400, 50, and 60; 4514, 15, 20, 40, SO, and 60; 
4610 through 4660. 

4850 - Startup and Checkout - 20 Man-Years at $SOK/yr. 

4860 - Contingency - 10% of 4100 through 4400 
30% of 4500 and 4600 

4860 - Contingency on Nth Plant 
10% of U, ·. ,, c . & S-R 
15% of ESG. 


