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What is Concentrating Solar Power (CSP)?
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Conventional power plants burn fossil fuels (e.g., coal, natural gas) or use 

radioactive decay (nuclear power) to generate heat for the power cycle

Coal-Fired Power Plant



What is Concentrating Solar Power (CSP)?
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CSP uses concentrated heat from the sun as an alternative heat source for the 

power cycle

Concentrating Solar Power
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CSP and Thermal Energy Storage
▪ Concentrating solar power uses mirrors to concentrate the sun’s energy onto a 

receiver to provide heat to spin a turbine/generator to produce electricity

▪ Hot fluid can be stored as thermal energy efficiently and inexpensively for on-
demand electricity production when the sun is not shining



Gemasolar
(near Seville, Spain)

▪ 1st commercial power tower (19 MW) in the world with 24/7 dispatchable energy 
production (15 hours of thermal storage using molten salt heated from ~300 –
600 C; ~300 MWh).  Commissioned in May 2011.
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Crescent Dunes
Tonopah, Nevada
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110 MWe power tower near Tonopah, NV.  10 hours of thermal storage (1.1 GWh) 

using molten nitrate salt heated from ~300 – 600 Commissioned in 2015.



Solana Generating Station
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280 MW parabolic trough plant

Phoenix, AZ (Gila Bend)

Started 2013 6 hours of molten-salt storage 

heated from ~300 – 400 C 

(1.7 GWh)

futurenergyweb.es

http://futurenergyweb.es/solana-la-planta-termosolar-de-tecnologia-cilindro-parabolica-mas-grande-del-mundo/?lang=en


Comparison of Large-Scale Battery and 
Thermal Energy Storage Capacity in the U.S.
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U.S. Energy Information Administration (June 5, 2018)

~10,000 MWh is required to power a large city 

(e.g., Los Angeles or New York) for one hour.
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Types of Thermal Energy Storage

▪ Sensible (single-phase) storage
▪ Use temperature difference to store 

heat

▪ Molten salts (nitrates <600 C; 
carbonates, chlorides 700 – 900 C)

▪ Solids storage (graphite, concrete, 
ceramic particles), >1000 C

▪ Phase-change materials
▪ Use latent heat to store energy (e.g., 

molten salts, metallic alloys)

▪ Thermochemical storage
▪ Converting solar energy into chemical 

bonds to store energy (e.g., 
decomposition/synthesis, redox 
reactions)

Falling particles for direct solar heating

Molten-salt storage tanks at Solana CSP 

plant in Arizona. Credit:  Abengoa



Two-Tank Sensible Heat Storage
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Liu et al. (2016)

 p hot coldQ mc T T 

Lata and Blanco (2010)



Two-Tank Heat Pump Storage
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Google X

“Malta”

https://x.company/projects/malta/

https://x.company/projects/malta/


Two-Tank Particle Storage
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Particle curtain

Aperture

Particle curtain

Aperture

 

Falling particle receiver 

Particle elevator 

Particle hot storage 

tank 

Particle cold storage 

tank 

Particle-to-working-fluid 

heat exchanger 

Participants:  Sandia, Georgia Tech, Bucknell U., King Saud Univ., DLR



Single-Tank Thermocline Storage
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Issues:

• Thermal gradients

• Thermal ratcheting
Fluekiger et al. (2013, 2014)
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Molten Salt Use in Industry

▪ Molten salt baths have been used in 
industry for metal treatment for over 
a century
▪ Molten nitrate (200 – 550 C)

▪ Molten cyanide (800 – 950 C)

▪ Molten chloride (700 C – 1,100 C)

▪ Well-established safety protocols used 
in industry
▪ Storage

▪ Operation / Maintenance

▪ Protective clothing and equipment

▪ Disposal
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Thermal Storage Safety for CSP

▪ National Fire Protection Agency classifies 
solar salts (60% sodium nitrate, 40% 
potassium nitrate) as Class I oxidizers
▪ Least hazardous of four classes

▪ “an oxidizing material whose primary hazard is 
that it may increase the burning rate of 
combustible materials”

▪ Combustible solids and oxidizable metals 
should be kept away from molten-salt tanks
▪ Use stainless steels or nickel-alloy materials

▪ Firefighting
▪ Carbon dioxide and approved dry powder-type 

extinguishers should be used – no water of 
volatile liquids

▪ Adequate supply of dry sand should be available 
for slagging and diking to confine the spread
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Risks and Hazards
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In May 2016, mirrors that were not 

tracking properly (human error) 

caused a small fire in the Unit 3 tower 

at the Ivanpah concentrating solar 

power plant, igniting wiring and 

insulation around pipes

San Bernardino County Fire 

Department)



Risks and Hazards
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Vast Solar 1.1 MWe liquid sodium 

concentrating solar plant in Australia.  

In 2015, sodium leaked and started a fire beneath the storage tank.



Summary

▪ Concentrating solar power provides utility-scale electricity and
energy storage

▪ A single CSP plant produces more energy storage than all large-scale 
battery storage plants in the U.S. as of 2018

▪ Thermal storage designs

▪ Sensible thermal storage (two-tank, thermocline, molten-salt, particles)

▪ Latent heat storage (phase change)

▪ Thermochemical storage (chemical bonds, reactions)

▪ Commercial CSP plants in operation with over 10 GWh of 
thermal energy storage

▪ Primary safety concern is leaks and fires

▪ No safety incidents of molten nitrate salt storage since 2008

▪ No safety incidents of solid media thermal storage

21



Questions?
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Cliff Ho, (505) 844-2384, ckho@sandia.gov

mailto:ckho@sandia.gov
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Comparison of Energy Storage Options
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Energy Storage Technology

Solid 

Particles

Molten Nitrate 

Salt

Batteries Pumped 

Hydro

Compressed 

Air

Flywheels

Levelized Cost1

($/MWhe)
10 – 13 11 – 17 100 – 1,000 150 - 220 120 – 210 350 - 400

Round-trip 

efficiency2

>98% 

thermal 

storage

~40% 

thermal-to-

electric

>98% thermal 

storage

~40% 

thermal-to-

electric

60 – 90% 65 – 80% 40 – 70% 80 – 90%

Cycle life3 >10,000 >10,000 1000 – 5000 >10,000 >10,000 >10,000

Toxicity/

environmental 

impacts

N/A

Reactive with 

piping 

materials

Heavy metals 

pose 

environmental 

and health 

concerns

Water 

evaporation/ 

consumption

N/A N/A

Restrictions/

limitations

Particle/fluid 

heat transfer 

can be 

challenging

< 600 °C 

(decomposes 

above ~600 

°C)

Very 

expensive for 

utility-scale 

storage

Large 

amounts of 

water required

Unique 

geography 

required

Only provides 

seconds to 

minutes of 

storage

1Ho, C.K., A Review of High-Temperature Particle Receivers for Concentrating Solar Power, Applied Thermal Energy, 2016;  Kolb, G.J., Ho, C.K., Mancini, T.R., Gary, J.A., 2011, Power Tower Technology Roadmap and Cost Reduction Plan, SAND2011-

2419, Sandia National Laboratories, Albuquerque, NM; Akhil et al., 2015, DOE/EPRI Electricity Storage Handbook in Collaboration with NRECA, SAND2015-1002, Sandia National Laboratories, Albuquerque, NM.  For solid particles and molten salt, we 

assume a 30 – 50% thermal-to-electric conversion efficiency and 10,000 lifetime cycles for the thermal-to-electric storage and conversion systems; the cost includes the storage media (bulk ceramic particles and sodium/potassium nitrate salts ~$1/kg with

T = 400 °C and 9 hours of storage), tanks, pumps/piping/valves, other parts and contingency, and the power block at $1000/kWe with 19 operating hours per daily cycle (including 9 hrs of storage) and 90% availability.  For batteries, cost is based on 

sodium-sulfur, vanadium-redox, zinc-bromine,lead-acid, and lithium-ion batteries capable of providing large-scale electricity.
2Roundtrip efficiency defined as ratio of energy in to energy retrieved from storage; Djajadiwinata, E. et al., 2014, Modeling of Transient Energy Loss from a Cylindrical-Shaped Solid Particle Thermal Energy Storage Tank for Central Receiver Applications, 

Proceedings of the Asme 8th International Conference on Energy Sustainability, 2014, Vol 1.; Siegel, N.P., 2012, Thermal energy storage for solar power production, Wiley Interdisciplinary Reviews-Energy and Environment, 1(2), p. 119-131.;  

http://energystorage.org/energy-storage/energy-storage-technologies; http://energymag.net/round-trip-efficiency/
3Siegel, N.P., 2012, Thermal energy storage for solar power production, Wiley Interdisciplinary Reviews-Energy and Environment, 1(2), p. 119-131.

http://energystorage.org/energy-storage/energy-storage-technologies
http://energymag.net/round-trip-efficiency/
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Siegel (2012)



Thermal Energy Storage Goals

▪ Capable of achieving high temperatures (> 700 C)

▪ High energy and exergetic efficiency (>95%)

▪ Large energy density (MJ/m3)

▪ Low cost (<$15/kWht;  <$0.06/kWhe for entire CSP system)

▪ Durable (30 year lifetime)

▪ Ease of heat exchange with working fluid (h > 100 W/m2-K)

26



Solid-based (graphite) central-receiver system at 
Lake Cargelligo, NSW, Australia

▪ Graphite block is 
heated in face-down 
receiver

▪ Used to heat steam 
from 200 C to 500 C
▪ Powers a 3 MWe

steam-Rankine cycle.
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