Central Receiver Systems (CRS), also known as Solar Power Towers, are a type

of concentrated solar power (CSP) technology that uses thousands of sun-tracking mirrors
(heliostats) to focus sunlight onto a central receiver atop a tall tower. This generates
extremely high temperatures to produce steam or heat transfer fluids, driving turbines for
electricity. Here’s a detailed breakdown:

How It Works
1. Heliostat Field:

o Thousands of computer-controlled mirrors track the sun, reflecting and
concentrating sunlight onto the receiver.

o Optical efficiency: Depends on mirror reflectivity (293%), sun angle, and
atmospheric conditions.

2. Central Receiver:
o Mounted on a tower (typically 100-250m tall).

o Absorbs concentrated solar radiation (up to 1,000x intensity) and transfers
heat to a working fluid.

3. Working Fluids & Heat Transfer:

Fluid Type Temperature Range Applications

Molten Salt 290°C - 565°C Most common: Storage-friendly, stable.
Supercritical CO, 500°C - 700°C+ Higher efficiency (future tech).
Water/Steam 250°C - 550°C Direct steam generation (no storage).
Liquid Metals 500°C - 800°C+ Experimental (e.g., sodium).

4. Power Block:

o Heated fluid generates steam -> drives a turbine-generator (similar to
fossil/nuclear plants).

o Thermal storage (e.g., molten salt tanks) allows 24/7 operation.




Key Advantages
o High Efficiency:

o Tower heights enable higher concentration ratios - temperatures >565°C >
better Carnot efficiency (20-35% solar-to-electric).

e Scalable Storage:

o Molten salt storage provides 6-15 hours of full-load power after sunset.
o Dispatchability:

o Supplies power on demand (unlike PV), stabilizing grids.
e Hybridization:

o Canintegrate with natural gas or biomass for backup.

Challenges & Limitations

Challenge Impact Solutions
. $5,000-$10,000/kW (vs. PV: Scale-up, automated
High CAPEX , ,
~$800/kW) heliostat production.
Land Use 4-8 acres/MW (needs flat, arid Co-location with agriculture
Intensity terrain) (agrivoltaics).
. Atmospheric scattering, dust on Robotic cleaning, optimized
Optical Losses ) ) )
mirrors site selection.
Receiver Thermal Rapid temperature swings cause Advanced ceramics, gradient
Stress material fatigue designs.
Steam condensation requires water Dry cooling (air-cooled
Water Use ]
(in wet-cooled systems) condensers).

Global Projects & Scale
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Capacity

392 MW

110 MW

700 MW

110 MW
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None

10
hours

15
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16
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Status

Operational

Operational*

Operational
(2022)

Operational
(2021)

Operational
(2023)

Innovations

Air-cooling, natural
gas hybridization.

First utility-scale
molten salt tower.

World’s tallest
tower (260m),
lowest CSP bid
(57.3¢/kWh).

Powers 380,000
homes; salt storage
at 565°C.

Particle receiver
(700°C+).

*Crescent Dunes faced technical issues but paved the way for future designs.

Innovations & Future Trends

1. Particle Receivers:

o Use ceramic/sand particles heated to >700°C - higher efficiency, no fluid

corrosion.

2. Supercritical CO, Cycles:

o Operate at 700°C+ - 50% higher efficiency vs. steam turbines.

3. Hybrid PV-CRS Systems:

o PV by day; stored solar heat generates power at night.

4. Al-Optimized Heliostat Fields:

o Machine learning reduces shading/losses and boosts focus accuracy.

5. Green Hydrogen Production:



o High-temp heat splits water via thermochemical cycles.

CRS vs. Other CSP Technologies

Feature Central Receiver Parabolic Trough Stirling Dish
Max Temp 565°C+ 400°C 750°C
Storage Integration  Excellent Good Poor

Land Use Moderate High Low
Scalability 100-500 MW 10-200 MW <1 MW

Environmental & Economic Aspects
e Carbon Savings: Avoids 400,000+ tons CO,/year per 100 MW plant.
e Job Creation: 2-3 jobs/MW during construction; 0.4—0.6/MW for O&M.

e LCOE: $60-150/MWh (falling rapidly with scale and tech advances).

Conclusion:

Central Receiver Systems offer dispatchable, high-efficiency solar power crucial for
decarbonizing grids. While costs remain higher than PV, advancements in storage, materials,
and Al-driven operations are accelerating deployment—especially in sun-rich regions aiming
for 24/7 renewable energy.



