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U.S. 

560 MW 

 Solana (AZ): 280 MW gross parabolic trough plant with six 
hours of storage under construction 

 Mojave (CA): 280 MW gross parabolic trough plant under 
construction 

Europe 

681 MW 

 PS10 & PS20 (11 and 20 MW), the first two commercial solar 
power towers in operation worldwide 

 11 parabolic trough plants in operation (50 MW each) 

 2 parabolic trough plants under construction (50 MW each) 

Rest  
of the  
world 

400 MW 

 Algeria: 150 MW hybrid plant (20 MW solar) in operation 

 Shams-1 (Abu Dhabi): 100 MW parabolic trough plant 
under construction 

 South Africa: 150 MW (50 MW tower, 100 MW parabolic 
trough plant) under construction 

Abengoa Solar is a leader in CSP w ith  around 1.6 GW operat ional by 2014 

Abengoa Solar 
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R&D Pilot  plant  Commercial project  

 +100 in-house researchers  

 R&D center in Denver, US 

 R&D center in Seville, Spain 

 Abengoa Research 

 Collaboration with key 
research institutions and 
companies worldwide 

 

Copyrigh t  © Abengoa  So lar, S.A.  2012. All righ ts reserved  
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Technology development  

For Abengoa the innovation and the R&D pilots are in the roots of the 
technology competitive advantage and CSP future 
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Solar Elect ric Generat ing Systems (SEGS) 
9 plants, 14 to 80 MW, 354 MW total 
Built  between 1984 - 1990 
3 sites: Dagget t , Kramer Junct ion, and Harper Lake 
30-year power purchase agreements with Southern California Edison 
Hybrid plants 75% solar, 25% natural gas 
Luz LS-1, LS-2, and LS-3 parabolic t rough collector technology 
 

SEGS demonstrated commercial nature of  parabolic t rough technology 
All plants st ill operat ing, many will likely operate past  30 year lifet ime 
Demonst rated except ional annual and on-peak performance record 
 

Extensive data has been shared f rom plants  
Encouraged global CSP market   
Enabled improvements in the technology. 
Reduced f inancial risk of  technology 
 
 

Over 25 years of  operat ional experience 

Parabolic Trough Technology 

SEGS III-VII, Kramer Junct ion, CA 
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Demonstrated Commercial Nature of  Technology 
Numerous problems ident if ied and resolved as development  progressed 
Signif icant  advances in the technology 

New  Concentrator St ructures 
Reduced Cost  
Improved Opt ical Accuracy 
Opt imized Assembly 

Improved Receiver Technology 
Reduced Failure 
Improved Performance 

Thermal Energy Storage 
Indirect  molten-salt  TES systems 
Allow solar dispatch  
Higher solar capacity factors 

Ball joint  assemblies  
Improved reliability and lower pumping parasit ics 

New  tools developed by industry and labs  
Opt imize collector operat ion, cost  and performance 

Benef its f rom 25+ years of  operat ional experience 

Parabolic Trough Technology 

LS-2 Parabolic Trough Collectors, Kramer Junct ion, CA 



LS-2 

1985 

LS-3 

1989 

Collector Deve lopment  History 

Luz Concent ra tor St ructures 
 

LS-2 
Torque tube design 
Able to achieve good optical accuracy 
Easy to assemble 
Expensive to manufacture due to high 
tolerance on torque tube & mirror arms 

 Good optical performance  
 High cost 

 
LS-3 

Space frame truss design 
Larger aperture (15%) 
2x as long (100 meters) 
Lower tolerance pieces (lower cost) 
Alignment jig required for assembly 
Inadequate torsion stiffness 

 Cost savings not demonstrated 
 Lower optical performance 

Luz System 2 (LS-2) 

Luz System 3 (LS-3) 



LS-2 

1985 2000 

LS-3 ET-I 

1989 2005 

ET-II 

Collector Deve lopment  History 

EuroTrough Concent ra tor 
 
EuroTrough  

Torque box space frame design 
Reduced steel content 
Improved torsional stiffness 
LS-3 aperture, 100 - 150m length 
Alignment jig required for assembly 
Significant labor to assemble 
Consortium of European companies 
(including Abengoa) 

 Performance similar to LS-3 
 Cost higher than desired 

 
 

Abengoa’s ET II - Repow  PS10 



LS-2 

1985 2000 

LS-3 ET-I 

1989 2005 2007  

ET-II ASTR0 

Collector Deve lopment  History 

Abengoa  ASTR0 
 
ASTR0 150 

Torque box design 
Redesigned to use low cost steel profiles 
Eliminates welding in frame 
Optimized factory assembly to reduce 
labor for assembly 
Mirror alignment jig required 
Collector assembly building required  
Used in Abengoa plants in Spain and 
North Africa 

 Reduction in installed cost 
 Performance similar to EuroTrough 

 
 
 

ASTR0 Collector 

ASTR0 Solar Fields – Solnova 1 & 3 
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Development  of  Next -Generat ion Parabolic Trough Collectors 
DOE FOA (DE-FG36-08GO18037) 

 

Pat rick Marcot te, Ken Biggio, Kerry Manning, Diego Arias 

Object ive 
Develop the technology that  is needed to build a compet it ive 
parabolic t rough industry for the US ut ility market .   

Near-term   
Focus on collector technologies that  could be deployed in the  
2010 – 2013 t ime f rame.   
deployed cost  <$235/m2, commercial-quality opt ics 

Medium-term  
Develop the next  generat ion of  lower-cost  parabolic t rough 
technologies that  can compete on an equal foot ing with 
convent ional power generat ion.  
deployed cost  <$190/m2 (>20% savings), improved opt ics (>2%) 
Opt imized for molten salt  & DSG HTFs 



LS-2 

1985 2000 

LS-3 ET-I 

1989 2005 2007  

ET-II ASTR0 

Near-Term Collector Deve lopment  
Near-te rm Collector Deve lopment  

 
Phoenix Gen  2.0 (Cameo)  

Extruded aluminum spaceframe 
5.75m Aperture, 150m length 
Unique hub design, rim drive 
No alignment Jig 
Rapid module assembly (4.5 man hours) 

 Optical performance target not achieved 
 

Phoenix Gen 3.2 (Solnova) 
Aluminum spaceframe w/steel torque arms 
Improved purlins, jig aligned mirrors 
Improved receiver supports 
Designed for Mojave seismic loads 
Significantly improved optical perf. 
4 collector loop test in Spain end of 2012 

 ~10% reduction in cost from ASTR0 
 Good optical performance 

Phoenix Gen 2.0 – Abengoa Lakew ood Test  Site 

Phoenix Gen 2.0 – Xcel Cameo Coal Hybrid Plant  

2009 

Phoenix 



LS-2 

1985 2000 

LS-3 ET-I 

1989 2005 2007  

ET-II ASTR0 

Abengoa  E2 Collector 
 
E2 (Eucumsa) 

Steel spaceframe variation of Phoenix design 
5.75m Aperture, 125m length 
New crimped steel members & hubs 
Standard ASTR0 torque transfer connection 
Requires jig alignment of mirrors 
Optimized collector assembly factory 

 ~10% reduction in cost from ASTR0 
 

 
 

E2 Collectors – Solana Solar Field (Arizona) Solana Solar Field (Arizona) 

2009 2011 

Phoenix E2 

Near-Term Collector Development  
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Near-term Collector Development  

Project  achievements 
Met  some, not  all, of  project  goals 
Launched two new f rame technologies 
Showed feasibility of  lower assembly cost   

4.5 m-h @ Cameo (vs ~21 m-h ASTR0) 
60% higher torsion st if fness vs ASTR0 
Developed expert ise & several new tools 
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Fina l St ructura l and Opt ica l 
Acceptance  Test ing  of Gen 3 
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Mid-term Collector Development  
Phoenix project  results drove R&D tow ard new  design concept  

Larger aperture, st reamlined assembly are keys to further cost  reduct ions 
 

 
 
 
 
 
 
 
 
 
New designs must  promote bet ter opt ical cont rol, pract ical fabricat ion 

Parabolic structures to support parabolic mirrors 
Stiffer HCE supports and torque structures, roller bearings 

Need bet ter corporate integrat ion 
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TRNSYS paramet ric opt . output  for base line  opt ics case  
LCOE vs. aperture  w idth , Hitec XL 500C out le t  t emp 

Assumptions: 
• Larger SCA cost scaled to 

reflect higher wind loads  
• Typical commercial optics 

(2.6mrad conc. slope error) 
• 2008 Schott PTR 
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Mid-term Design Concept  

8m SpaceTube concept  
8m x 14.2m module, 80mm and 89mm HCE opt ions 
Helical center t russ for high bending & torsion ef f iciencies 
St if fer interconnect  axle, HCE support , mirror supports 

Design driven by optics, not vice-versa 
Film and glass mirror opt ions 
Designed for jig-less assembly 
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LS-2 

1985 2000 

LS-3 ET-I 

1989 2005 2007  

ET-II ASTR0 ST8 

2013 

Mid-Term Collector Deve lopment  

ST8g – 8m Space tube  w ith  Glass Mirrors 

ST8c – 8m Space tube  w ith  Composite  Pane ls 

2009 2011 

Phoenix E2 
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SpaceTube Advantages 
Low  cost  – both f ilm & glass  

>20% reduct ion f rom near-term 
Low on-site labor requirements 

Good thermal performance 
High torsional st if fness 
Good opt ical performance 

Low  part  count  
High degree of  standardizat ion 

1 hub, 2 st ruts in space f rame 

8 m SpaceTube Collector at  SolarTAC 



Collector Development  

Outcomes from Abengoa  Collector Development  FOA 
 

Near-te rm Collector 
Phoenix spaceframe design - reduced solar f ield cost  by ~10% 
Aluminum and steel versions allow commodity hedge against  metal 
prices 
Development  ef fort  created new design, analysis and test ing 
capabilit ies 
 

Mid-term Collector 
SpaceTube space f rame design – reduced solar f ield cost  by 
addit ional 20% 
Larger 8m aperture 
Glass and ref lect ive f ilm/composite panel versions 
Opt ical performance bet ter than near-term designs 
Opt imized for higher temperature HTF 

LS-2 

1985 2000 

LS-3 ET-I 

1989 2005 2007  

ET-II ASTR0 ST8 

2013 2009 2011 

Phoenix E2 
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          So lana  Solar Pow er Plan t   
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Solana: The w orld’s largest  parabolic 
t rough plant  

21 



Innovat ive technology solut ions for susta inability 
ABENGOA SOLAR 

Solana Solar Pow er Plant  Overview  

Pow er Block 

TES 

Solar Field 

Solana 
280 MWe  
Parabolic trough solar field 
6 hours of thermal energy storage (TES) 
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Solana  
Has a 30-year power purchase agreement  (PPA) with Arizona 
Public Service (APS) 

2007 APS renewable solicitat ion 
Will generate enough elect ricity to serve 70,000 APS customers  
PPA allows APS to dispatch the plant . 

Plant  located on agricultural land 70 miles southwest  of  Phoenix, 
near Gila Bend, Ariz.  

~ $2 billion in total investment  
1,500 construct ion jobs over 2 years 
75 full t ime jobs to operate and maintain the plant   

Benef ited f rom the 30% ITC/grant  and Federal Loan Guarantee 
Program f inancing. 
Will use 1/10 the amount  of  water of  previous crop usage. 
Will generate ~50x as much revenue per acre as crops  
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Solana Design 
Plant  Size: 280 MW gross generat ion, 
 2 x140 MW turbines 
 (~250 MW net  af ter stat ion 
 parasit ic loads) 
Land Area:  3 square miles 
Collector Type:  Abengoa E2 parabolic t rough  
Collector Area:  2,200,000 m2 

Heat  Transfer Fluid Solut ia Therminol VP-1 
Thermal Energy Storage:   6 hours of  full load operat ion 
 2-tank, indirect , molten-salt  TES  
 Uses six parallel TES t rains 
On-Peak Generat ion:  95% capacity factor 
 hours noon – 8 pm 
 June – September 
On-Line Date:  2013 
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Receiver Technology 

Schot t  receivers 
Manufactured in Albuquerque NM factory 

Improvement  in receiver thermal performance 
Current  receivers ~30% bet ter thermal performance than Luz 

Improved receiver technology 
Improved glass to metal seal design – Reduced breakage 
Reduced bellows shadowing 
Hydrogen problem addressed 
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New  Schot t  Rece iver    
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Mirror Technology 
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Rioglass mirrors 
Manufactured  in  Surprise  AZ 
factory 

Improved  mirror technology 
Mirrors made  with  more  
environmenta lly friend ly 
manner 
Improved  au tomated  
manufacturing  of mirrors 
Reduced  g lass b reakage  
because  mirrors a re  made  
with  tempered  g lass 

 
 

New  Rioglass Mirrors   
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Parabolic Trough Collector Technology 

Abengoa E2 st ructure  
LS-3 aperture 125 m long 
Galvanized steel design 
Opt imized factory assembly process 
QC test ing of  st ructure alignment  
during assembly process 

Hydraulic drive 
Accumulator for defocusing during 
power failure 

Improved cont rol system 
Fiber opt ic communicat ions 

Ball joints used for collector interconnect  
Micro pile collector foundat ions 
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New ASTR0 
Parabolic Trough Collector 
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Thermal Energy Storage (TES) 
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Storage allow s improved operat ional f lexibility to meet  ut ility peak 
loads. APS system peaks: 

Summer Peak: 12 Noon to 8pm, June - September 

29 

Thermal Energy Storage  (TES) 

Summer Product ion  Profile s 

Electricity demand (not scaled) Solar Radiation (not scaled) CSP plant generation 
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Summer On-Peak Period (Noon to 8pm) 

Summer On-Peak Generat ion  
0 & 6-hours of  Thermal Energy Storage 
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Cold Salt Tank Hot Salt Tank

Cold salt
pump

Hot salt
pump

Immersion heater 
(typical of 4)

Immersion heater 
(typical of 4)

Oil-to-salt heat 
exchanger (typical of 6)

Distribution
ring header

Distribution
ring header

Cooing air pipes
(typical of 24)

Cooing air pipes
(typical of 24)

1.0 m

Isolation valve
(typical of 4)

Vent valve 
(typical of 3) Nitrogen 

transfer line

Nitrogen 
storage tank

Nitrogen 
compresso

r

Nitrogen 
cooler

Pressure 
control valve

Drain valve 
(typical of 2)

Pump 
maintenance 
gantry crane
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Indirect  2-tank molten-salt  design for 
parabolic t rough plants 

Based on Solar Two molten-salt  
power tower experience. 
Uses oil to salt heat exchangers 
to transfer energy to and from storage 
 

U.S. DOE Solar Two 1994 

Indirect  2-tank TES conf igurat ion used for non-
Abengoa parabolic t rough plants in Spain 

TES for Parabolic Trough Plants 
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Improved heat  exchanger design  
Alfa Laval plate and f rame heat  exchanger 
Reduces the number of  separate salt  heat  exchangers 
Reduces salt  valves and piping 
Reduces pressure drop through heat  exchangers,  
Improves temperature approach between salt  and HTF 

All salt  equipment  located above tanks for emergency drain back. 
Long-shaf ted molten-salt  pumps mounted above tank 
Recirculat ion system for HTF & TES f reeze protect ion & improved TES 
start -up 

Abengoa TES Technology 
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Arial View  of  Solana 

Pow er Block and TES is located at  the center of  the solar f ield 
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Henry Price, PE 
VP Technology 

 
Abengoa Solar LLC 

Lakewood, CO 
 

hank.price@solar.abengoa.com 
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