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CSP - A very old idea… 

  

214-212 BC, Syracuse – Archimedes uses “burning glass” to 

concentrate sun rays onto invading Roman ships. 

 

 

 

 

 



CSP - A very old idea… 

  

20 AD, China – Chinese document the use of burning mirrors to light 

torches for religious purposes 

 

1767, Switzerland – Swiss scientist Horace de Saussure is credited 

with building the world’s first solar collector (actually a solar oven) 

 

1866, France – August Mouchet builds the first solar steam engine, 

using a parabolic trough to produce steam 

 

 

 

 

 

 

 

 



CSP - A very old idea… 

  

1886, Italy – Alessandro Battaglia obtains the first patent for a solar 

collector 

 

 Over the following years several inventors develop CSP systems for 

irrigation, refrigeration, locomotion, etc. 

 

 

 

 

 

 

 

 

 

 



CSP - A very old idea… 

1902, Portugal – Padre Manuel António Gomes (Padre Himalaya) 

build his second CSP device achieving temperatures of 2000ºC, melting 

a large basalt block 

 

1904, EUA -  Padre Himalaya presents his third CSP device the 

Pirelióforo at the Saint Louis Universal Exposition achieving 3800ºC and 

wining the Grand Prize of the Louisiana Purchase Exposition.  

 

 

 

 

 

 

 

 

 

 



CSP - A very old idea… 

1913, Egypt – Parabolic solar collectors were used to drive a steam 

water pumping system in a small farming community  

 

 

 

 

 

 

 

 

 



CSP – First generation 

1968, Italy – Giovanni Francia builds the first operational CSP plant. It 

consists of a central receiver surrounded by a heliostat field 

 

 1970’s – The 1973 and 1979 oil crisis drive the need for new energy, 

sources spurring R&D in renewable energies. As a consequence solar 

thermal technologies’ development flourish 

 

1980’s – First commercial exploration of CSP technologies for 

electricity production: The Solar Electricity Generating Systems 

 

 Total capacity of 354 MW is installed in nine CSP plants between 

1984 and 1990   

 

 

 

 

 

 

 

 



CSP – Generation gap 

 

 

 

 

 

 

 

 And suddenly almost all stopped… 

 

 

 

 

 

 

 



CSP – Generation gap 

 

 

 

 

 

 

 

 R&D centers kept working on CSP while the SEGS and Solar One and 

Two plants demonstrated the long term feasibility of the technology 

 

 When the next shock arrived CSP was ready for deployment  

 

 

 

 

 

 

 

Source: IEA Technology Roadmap STE, 2014 



Concentrated Solar Power Plants 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

The technologies 

Source: Desertec 



Working Principle (for STE) 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 
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Parabolic trough plants 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 



Parabolic trough plants 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: Torresol Energy 



Parabolic trough plants 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

• Single axis tracking 

•Absorber located in evacuated tube 

• Operation temperature:  

Synthetic oil as HTF - up to 390ºC 

Molten salt as HTF – up to 550ºC 

• Typical concentration factor: 70 - 80 
suns 

• Maximum efficiency: 14 - 21% (solar 
to electricity) 

• Annual efficiency: 11 - 16% (solar to 
electricity) 

• Capacity Factor: 25-28% (no TES) or 
29-43% (7h TES) 

Sources: Abengoa; Kuravi et al., Progress in Energy 

and Combustion Science, 2013 



Linear Fresnel plants 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Idea: Approximate the parabola by flat mirrors tangent to a parabolic curve 

Source: Solarmundo 



Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

 

•Single axis tracking  

• Less absorber per m2 --> lower thermal 

losses 

• Fixed absorber: lower costs and easier 

O&M 

• Operation temperature < 390 ºC 

•Typical concentration factor: >60 suns 

• Maximum efficiency: ~18 % (solar to 

electricity) 

• Annual efficiency: ~13 % (solar to 

electricity) 

• Capacity Factor: 22-24 % (no TES) 

1MWth - Liddell Coal Power 

Station, Australia 

Linear Fresnel plants 



Central tower receiver 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: Torresol Energy 



Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Central tower receiver 

• Double axis tracking 

•Absorber located in central tower 

• Operation temperature: 250 - 1000 ºC 

•Typical concentration factor: 200 - 
1000 suns (can be higher) 

• Maximum efficiency: 23 – 35% (solar 
to electricity) 

• Annual efficiency: 7 - 20% (solar to 
electricity) 

• Capacity Factor: 27% (no TES) or 55% 
(10h TES) 

Sources: Torresol Energy; PSA; Kuravi et al., Progress 

in Energy and Combustion Science, 2013 

 



Parabolic dish 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

• Double axis tracking 

•Absorber located in parabola focus 

• Operation temperature: 550 - 750 ºC 

•Typical concentration factor: > 1300 
suns  

• Maximum efficiency: 20 - 30% (solar 
to electricity) 

• Annual efficiency: 12 - 25% (solar to 
electricity) 

• Capacity Factor: 25-28% 

Source: Infinia, Kuravi et al., Progress in Energy 

and Combustion Science, 2013 

  



Performance  

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: EASAC 

Source: IEA Technology Roadmap STE, 2014 



Performance  

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: EASAC 

 Unique capacity for hybridization  

 TES or back-up ensure dispatchability  

 Can supply base, intermediate and peak load 

 Ability to supply Summer peak load, when water and wind are scarcer 

 Aplications ranging from kW to hundred MW scale 



Thermal Energy Storage  

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: IEA Technology Roadmap STE, 2014 



Thermal Energy Storage  

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: EASAC 



What about costs? 



Future prespectives 



Problems integrating renewables 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: Denholm and Mehos, NREL 

2011 

 Consumption and renewable resource availability may differ – resource 
variability 
 

 Limited flexibility from conventional generators 



Problems integrating renewables 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

Source: Denholm and Mehos, NREL 

2011 

 Consumption and renewable resource availability may differ – resource 
variability 
 

 Limited flexibility from conventional generators 



Solution: CSP+TES ?! 

Fonte:: GREEN PAPER – TOWARDS A EUROPEAN STRATEGY FOR THE 
SECURITY OF ENERGY SUPPLY, Brussels, 2001 

 TES turns CSP into a dispatchable technology 

 Increases grid flexibility 

 Increases renewable energy sustainable grid penetration 

Source: Denholm and Mehos, NREL 2011 



STE +PV 

 STE nd PV can be combined in a single offer 
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