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Photovoltaic central power stations were first analyzed in three parallel 
studies by General Electric Co., Spectrolab, Inc., and Westinghouse Electric 
Corp., published in 1977. 
been the subject of more focused research over the last few years. 
presentation reviews the work done in this area Sy Sandia National Laboratories 
as part of their system and balance-of-system research activities. 
has been broken into three topical areas starting with subsystems, proceeding 
to detailed design definition, and culminating in the analysis of the system's 
value to, and impact on, the utility. 

A number of questions raised in these efforts have 
This 

The work 

Several flat-panel array field design studies, for both large inter- 
mediate and central-station applications, predict that $50/m2 area-related 
costs are achievable, by a number of concepts. This cost is based on vendor 
quotes and construction contractor bids. In the future, use of automation and 
robotics in structure placement and panel installation may be able to lower 
this cost by 20%. In the area of power conditioning, central-station-sized 
equipment has been developed for other technologies, but not yet for photo- 
voltaics. 
future. 

Conceptual designs for such a unit will be sought in the near 

Bechtel recently completed a study of electrical design tradeoffs for 
multimegawatt systems. They analyzed such factors as the subfield size versus 
voltage, energy loss, and power-conditioning and wiring cost. These results 
indicate that 5 MW subfield operating at 2000 Vdc bipolar (2 1000 Vdc) is near 
optimum and does not adversely impact collector design. All of the results of 
this study, as well as the utility requirements identified in the test facility 
design studies, have been incorporated into the reference designs being 
developed by Martin Marietta. 
existing prototype hardware. 
this work and an experienced . 
subcontractor. 

These designs are site-specific and utilize 
7*--c.-e is active utility (APL) participation in 
ietruction engineering fim. (Stearns-Rogers) as 

The analysis of central-station plant value and impact on the utility is 
a relatively new activity. 
function of region can be determined from the energy scenario effects study, 
recently completed by General Elec-.-ir. This work focused on distributed PV 
applications but the value analysis is equally applicable to central stations. 
Regions with high oil and gas use were found to offer high value, as would be 
expected. The analysis of the impact of PV systems on the utility's spinning 
reserve requirements will be studied by Arizona State University. This work 
will be directed by Paul AnderJon and will involve utility consultants on 
generation planning, dispatch, and distribution. 

The value of PV central station plants as a 

*This work was supported by the U . S .  Department of Energy, Division of 
Photovoltaic Technology 
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AREAS OF RESEARCH: 

.* ARRAY FIELD ENGINEERING AND POWER CONDITIONING DEVELOPMENT 

DESIGN TRADEOFF ANALYSIS AND DETAILED DESIGN PREPARATION 

U T I L I T Y  VALUE AND OPERATIONAL IMPACTS DETERMINATION 

Array Field Engineering 

NODULAR ARRAY FIELD DESIGNS 
(20-500 KW SUBFIELJ) 

- BATTELLE-COLUMBUS (SAND81-7183) 

- HUGHES (SAND81 -7193) 

INTEGRATED ARRAY/STRUCTURE DESIGN 

- BECHTEL (SAND81-7191) 

AUTOMATED 1:iSTALLATION TECHNIQUES 

- BURT HILL KOSAR RITTLEMAN (SAND81-7192) 
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Array Field Design Summary 

0 CONSTRUCTION CONTRACTOR COSTING OF ARRAY FIELD DESIGN PAED 
AREA-RELATED BOS COSTS OF $50/M2, (S ITE PREP,, STRUCTURE, 

INSTALLATION, WIRING, ETC,) 

CT 

0 AN APPROPRIATE MIX OF AUTOMATED AND CONVENTIONAL INSTALLATION 
METHODS HAY REDUCE COSTS BY ABOUT $ll/~*, 

Design Tradeoffs and Detailed Preparation 

0 CENTRAL POWER STATION TEST FACILITY DESIGN 

- BECHTEL (SAND79-7012? 

- GENERAL ELECTRIC (SAND79-7022) 

0 SUBSYSTEM OPTIMIZATION AND DES!GN TRADEOFF STUDY 

- BECHTEL (SAND81-7013) 

0 CENTRAL STATION REFEREWE DESIGN 

- MARTIN MARIETTA (..N PROGRESS) 
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(r) FIRST COSTS 

Vertical Ax is  Array Dc Wiring First Costs and 12R Energy Losses - 25 Meter Diameter, 
15 Percent Efficiency 

109 

.. I 



. -  

PLENARY SESSION: G.J. JONES 

Central-Station Reference Design (Martin-Marietta) 

.SITE SPECIFIC DESIGN USING ACTUAL SOIL AND TERR4IN 
CHARACTERISTICS 

- SAGUARO POWER STATION, APS 

*Two COMPLETE 100 MU FIELD DESIGNS 
- FLAT PLATE: DENDRITIC WEB MODULE- AND BECHTEL 

INTEGRATED STRUCTURE DESIGN 
- CONCENTRATOR : MARTI N-MAR I ETTA MOD 2 POINT Focus FRESNEL 

FIELD CHARACTERISTICS BASED ON SU9SYSTEM OPTIMIZATION STUDY 

- 5 !lW (AC) SUBFIELD 
- 2OOC V BIPOLAR DC W I R I N G  
- 34,5 KV INFIELD AC DISTRIBUTION 

Design Information Summary 

*SEVERAL Tc-CIINIQUES HAVE BEEN FOUND TO REDUCE IN-FIELD DC W I R I N G  

*ALMOST ?LL ECONOMIES OF SCALE AND ENERGY Loss PINIMIZATLLJ CAN BE 
ACHIEVED BY 5 m, 1000 VDC SUBF1El.P 

*DESIGN TRADEOFFS MUST CONSIDER LIFE CYCLE VALUE OF ENERGY Loss I N  

CONJUNCTION WITH FIRST COST TO DETERMiht OPTIMUM, 
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Utility Value/lmpact Determination 

THE EFFECT OF FUTURE ENERGY SCENARIOS ON PHOTOVOLTAIC 

ENERGY VALUE 

- GENERAL EI .ECTR I c (SAND81-7012) 

ThE IMPACT 'JF STOCHASTIC Pv ENERGY ?UPPLY ON U T I L I T Y  

OPERATIONS 

- ARIZONA STATE UNIVERSITY ( I N  PROGRESS) 

Utility Value Determination 

0 JEGIONS WITH HIGH OIL AND GAS USAGE IN INTERMEDIATE 
AND BASE LOAD GENERATION ARE FAVORED, 

ONLY FUTURE SCENARIOS AFFECTiNG OILIGAS USE AND VALUE 

EFFECT PV ENERGY VALUE IN THESE REGIONS, 

DISTRIBUTED AND CENTRALIZED PV PLANTS HAVE THE SAME 
ENERGY VALUE TO THE GRID (ASSUMING NEGLIGIBLE TsD IMPACT), 


