
1

CSP – PV HYBRID  CONCEPTS
ROBERT PITZ-PAAL, DLR INSTITUTE OF SOLAR RESEARCH 

CSP-PV Hybrid Concepts, Robert Pitz-Paal,  22.02.2024

©
 S

o
la

rR
e
s
e
rv

e



Why combining two technologies?

▪ photovoltaic power plants can provide 
cheap electricity from solar when the sun is 
shining

▪ Storage solutions are required to satisfy 
demand after sunset

▪ Battery storage systems are expensive, 
particularly for large power units with several 
hours of storage capacity

▪ Concentrating solar power plants offer 
dispatchable solar power generation with 
cheap and proven thermal storage units

▪ CSP spinning turbine provides ancillary 
services to the grid

▪ Combining both solar power generation 
technologies offers
low cost and dispatchability
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Source: Powerway Renewable Energy Co., Ltd

Source: Solar Millennium AG



General Concept 

3
CSP-PV Hybrid Concepts, Robert Pitz-Paal,  22.02.2024

Solarpaces 2023» - KTH Energy Department - Dr. Rafael Guedez



CSP w/ storage cheaper than CSP w/o storage
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Thermal Storage = more operating hours = higher capacity factor = cost reduction
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Design of hybrid plants

▪For CSP plants the least cost design version 

often includes thermal storage

▪For PV plants a system without storage has 

always the lowest electricity cost

▪Hybrid plants are beneficial if one of the 

following conditions apply

▪ A certain fraction of power demand during night time

▪ A limit for the power fed to the grid at any time

▪ Time-of-delivery tariffs to favor night time production 

over direct feed-in
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Typical daily production

▪ During sunshine hours 
the PV plants delivers 
electricity to the grid

▪ Additionally, it delivers 
electricity to the thermal 
storage (via electric 
resistance heaters)

▪ The CSP power block is 
not operating during 
daytime, only the storage 
is charged

▪ The hybrid plant will be 
capable to deliver „round 
the clock“ solar 
electricity, for lower cost 
than two standalone 
plants
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solar heat to thermal storage
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Typical design options
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Trough – PV Hybrid Tower  – PV Hybrid



Typical design options

▪ PV + Electric Battery
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▪ PV + Carnot Battery



How to compare ?

▪ LCOE is a standard for comparing 
different systems

▪ LCOE for hybrid systems is a mixed 
calculation

▪ This single parameter alone is not 
sufficient 

▪ The capacity factor (CF) is not ideal for 
comparing the systems

▪ Night-time share of electricity 
production
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Results of the German IntegSolar Project

10

Trough

Carnot Battery

PV + Battery

Hybrid towerHybrid Trough



11
CSP-PV Hybrid Concepts, Robert Pitz-Paal,  22.02.2024

For comparison: 



12
CSP-PV Hybrid Concepts, Robert Pitz-Paal,  22.02.2024



Conclusions

▪ Several solar hybrid option exist to provide a night- time power supply

▪ PV + Battery 

▪ PV + TES + PB

▪ PV + CSP + TES

Recent studies show that the options including a TES are significantly more 

competitive compared to battery options for high night time fractions 

Today CSP –PV hybrid power plants are installed mainly in China to balance 

high fraction of PV power 

High night time fraction are also required to power remote industrial 

installations (e.g. mines) 
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CSP Market Size  
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