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Photovoltaics (PV) 



CSP: The Other Solar Energy 
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Parabolic Troughs 



354 MW Luz Solar Electric Generating Systems (SEGS) 
1984 - 1991 



SEGS Historic Plant Capacity 
Value 

–  Over 100% 
capacity with 
fossil backup 

–  Averaged 80% 
on-peak 
capacity factor 
from solar 

 On-Peak Performance 
For 5 Parabolic Trough Plants 

SCE Summer On-Peak 
Weekdays: Jun - Sep 

12 noon - 6 pm 

Source: KJC Operating Company 



Why the Decline in Interest? 

•  Low natural gas prices 
•  Loss of financial incentives 
•  Utility deregulation 



DOE CSP Budget 



DOE CSP program 2003 - 2006 



Why the resurgence? 





Source:  Baker Hughes, EIA/DOE (2004 and 2005 production volumes are EIA estimates) 

U.S. Gas 
Production 

U.S. Gas Rig Count 

More and More U.S. Gas Wells 
Producing Less and Less 



World Renewable Resource 
Potential (TW) 

Source: Marty Hoffert, Nate Lewis 





Exclude: 

- Used and sensitive land 

- Solar < 6.75 kWh/m2 per day 

- Ground slope > 1% 



Best Sites Only 

6X U.S. electric capacity! 



Solar and Wind Resources 
Are Often Complementary 
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State RPS Requirement 
Arizona 15% by 2025  
California 20% by 2010  
Colorado 20% by 2020, 4% Solar 
Nevada 20% by 2015, 5% Solar 

New 
Mexico 

20% by 2015 

Texas 5,880MW (~4.2%) by 
2015 



2006 1-MW Saguaro Parabolic Trough Plant 

Renewable Energy 



New 64 MWe Acciona Solar Parabolic Trough Plant 



but the BIG ATTRACTION: 

STORAGE! 
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CSP Power Plant with Thermal Storage 

HX 

Hot 
Tank 

Cold 
Tank 



CSP Power Plant with Thermal Storage 

HX 

Hot 
Tank 

Cold 
Tank 



50 MW AndaSol-1 Parabolic Trough Plant w/ 7-hr Storage 
Andalucia, Spain 



Planned 280 MW Solana Plant  
with 6 hrs Storage 

1500 construction jobs 
over two years 

85 permanent jobs 

Renewable Energy 

Artist Rendition 



Cost of CSP (¢/kWh) 
CSP w/10% ITC: 17 

CSP w/30% ITC: 14 

Comb. Cycle Gas: 12 
The gap is closing! 



Parabolic Trough  
Potential Cost Reductions 



Linear Fresnel 



Planned 177 MW Air-Cooled Plant for PG&E 

Artist Rendition 



Power Tower or Central Receiver 
with Thermal Storage 



Abengoa PS10 and PS 20 
Seville, Spain 



BrightSource Distributed Power Tower 



Dish/Stirling System 

Linear Alternator 

Cooling Water 

Heat In 

Electricity Out 

Flexure Bearings 

Flexure Bearings 



Six Dish Prototypes at Sandia-Albuquerque 



the future of csp 



Contracts for over 4,500 MW of U.S. Projects 

1,365 MW 

1,750 MW 

   1,211 MW 

177 MW 



Solar Applications for BLM-Managed Land  

•  Over 50 different companies have filed 97,000 MW of 
applications 

•  40% trough; 20% tower; 20% PV; 20% other 



UNITED STATES 
4500 MW 

SOUTH AFRICA 
100 MW 

SPAIN 
1000 MW 

JORDAN 
130 MW 

EGYPT 
140 MW 

MOROCCO 
200 MW 

ISRAEL 
400 MW 

IRAN 
400 MW 

INDIA 
40 MW 

CHINA 
1000 MW 

AUSTRALIA 200 MW 

MEXICO 
240 MW 

Over 7,500 MW Planned Worldwide 



Long Distance Transmission: Europe 

“Concentrating Solar Power for the Mediterranean Region,” German Aerospace Center (DLR), 2005 



Long Distance Transmission: U.S. 



Challenges for CSP 



Water Usage 
•  Hybrid air/water cooling systems can reduce water use 

80% with modest performance and cost penalties 
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Land Use/Habitat 



NREL CSP 
R&D Highlights 



Optical Collector 
Characterization 

Field test 

Indoor test 



Optical Efficiency Test Loop 

SkyTrough undergoing test 

Control room showing tracker 
and loop controls 



Distant Observer 
Field  

Assessment Tool 





Receiver heat loss: 
laboratory measurements 

Receiver test rig 



Infrared image of hot and cold tubes 

Camera and GPS for exact  
positioning 

Receiver heat loss: 
field surveys 



Advanced Materials Development 

ReflecTech® film 

Low-ε receiver coating  



Modeling and Analysis Tools 

         Solar Advisor Model (SAM) 

   Regional Electricity Deployment 
System Model (REEDS) 



Facilities Under Development/Construction 

Solar Technology Acceleration  
Center 

Energy Systems Integration Facility 



www.solartoday.org 





the POWER of csp 
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