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Discussion 

 Solar-Fossil hybrid power systems for electricity 
generation via the conventional Rankine (steam turbine) 
cycle. 

 Evaluation of  the annual solar capacity fraction vs. 
thermal storage capacity. 

 Exploring the ways to double the annual solar capacity 
of hybrid power systems from 35 to 70%. 

 Conclusions 
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Worldwide distribution of CSP plants in 2011 

(www.easac.eu) 

Worldwide in 2011, 1.3 GW of CSP were operating  

and a further 2.3 GW were under construction 

Ref: EASAC policy report 16 

Nov. 2011 www.easac.eu 



Solar Thermal Electricity by CSP Technologies 

Parabolic Trough Plants 50 to 300 MW 

Proven utility scale technology 
Commercial operation since 1984 

Solar Tower Plants 10 to 20 MW in Spain 

Large projects to be built in the USA 
The Ivanpah complex of 3 plants 377 MW 

Dish Stirling Systems 10 kW to 100 MW 
High efficiency of 30% 

Linear Fresnel Systems  up to 6 MW demo 

Large plants under development 



State of the art  Thermal Storage Technology 

2-tank Molten Salt System 

Tanks Size 
14 m height 

38 m diameter 

Molten Salt K/Na nitrates 

Amount  28,500 tons 

Storage Capacity 1010 MWh = 7.5 h 

Annual Solar 
Fraction 

~ 35-37%  

Andasol, Spain Solar Power Plant 50 

MWe  



Direct Normal Irradiation Map (solargis.info) 

World-2% 

EU-0.4% 

The solar resource in NEGEV is quite good, >2000 kWh/m2/Yr,  
for clean electricity generation from sun 
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CSP Input  QR DNI time series data 

Base Load  QL = Q1 + Q3 + QF = Const. 

CSP Output  Q0 > QL < QL 
Direct Power 
Input  

Q1 = 
QL Q0 

Storage Charge Q2 = Q0 – Q1 V 0 0 

Storage 
Discharge  

Q3 = 
0 QL – Q0 

Fossil Fuel Input 
QF 
= 

0 QL – Q1 – Q3 

Reserve Power Qr = 0 V  Q0 – Q1 0 

Control Logic Model 

Nominal Storage Capacity  =  Max[ ES(t) ] over  year 

Initial Conditions:   

ES(0) = ES(yr) = 0  

Annual Cycle: 

8760 hours 

The Model  is solved numerically using Mathematica 8 



Thermal Storage  Capacity vs. Solar 
Fraction DNI for Mitzpe Ramon, Israel 

(2005) 

20% w/o energy storage 

Oversized CSP 



Base Load  Solar  Power  
Plant 

Solar power 

plant 50 MWe 

Solar 

collector 

factor β 

Storage 

capacity  

φ (h) 

Solar/Fossil 

fractions  

 (%) 

Daily 

operational 

period (h) 

Reserve 

energy  

Er (%) 

Referent  

e.g. Andasol 
1.6 7.5 37/63 9 0 

Model 3.5 22 70/30 17 9 

 



SUMMARY 

For the target value of annual solar capacity factor 

70%,  

as compared to the referent  37% 

Solar Parabolic Trough Plants need: 

• x2 Solar collector size (3.4) 

• x3 Thermal storage capacity  (22 h) 

• about 10% of the available solar energy is reserved 

 

Comparative Advantage: 

2 times reduced (63 to 30%) fossil fuel consumption 
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Global CSP Market Players Survey 

by EuPD Research, 2008 





Monthly Change of  Solar Fraction 

Seasonal Variation of Thermal 
Storage 
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