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Heliostat field
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The Very-High Concentration Solar Tower, 

IMDEA Energy, Madrid

Photo: IMDEA Energy
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Can we make a

solar tower with 

furnace-level concentration ratios?
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Why?

Electricity production

with thermal energy storage

Ultra-high irradiance,

Materials science,

Solar thermochemistry
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Outline

Why lower 

concentration?
New conceptConcentration limits
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Thermodynamic limit

𝐶𝑚𝑎𝑥 =
1

sin(𝜃𝑚𝑎𝑥)
2
≈ 46 000
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M. Romero, et. al, “Ultra-modular 500m2 heliostat field for high flux/high temperature solar-

driven processes,”, 2017
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Irradiance distribution

Ideal concentrator Real heliostat field
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Why?
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Irradiance distribution

Ideal concentrator Real heliostat field
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Irradiance distribution

+ Perfect heliostats

Ideal concentrator Real heliostat field
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Irradiance distribution

+ Perfect heliostats

Ideal concentrator Real heliostat field

+ Ideal numerical aperture
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We are missing something
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Numerical aperture Heliostat quality Coma

Main causes of reduced concentration
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Coma
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Jeffrey M. Gordon, "Aplanatic optics for solar concentration," 
Opt. Express 18, A41-A52 (2010)

Jeffrey M. Gordon, Daniel Feuermann, "Aplanatic beam-down 
solar towers," Proc. SPIE 11120, Nonimaging Optics: Efficient Design 
for Illumination and Solar Concentration XVI, 111200E (9 September 2019);
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Don't beam down to the ground
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Numerical aperture

Fix both coma and NA

Heliostat quality Coma
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Not quite
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Test case

Design method

• Numerical optimization

• Secondary: Freeform 12th order Legendre

polynomial

• Aim point: Freeform 12th order Legendre

polynomial

• Secondary size: 2.5m x 2.5m

• Simulation for optimization: Differentiable 

ray-tracer built on Jax

Field parameters

• 169 heliostats, each 3m2

• 250 kWth

• Tower height: 15 m

• Focal length: 20m & 30m

Simulation

• Slope + tracking error: 1.25mrad RMS

• Solar size: Top-hat, 4.65 mrad half-angle

• Mirror reflectivity: 90%

• Irradiance: 900 W/m2

• Analysis in Zemax OpticStudio
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Optimized reflector
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Irradiance distribution
Solar noon, summer solstice

Reference With secondary
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Irradiance distribution
Solar noon, summer solstice

Reference With secondary
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Irradiance distribution
Jan 15th 2023, 12:56

Reference With secondary



27

Numerical aperture

Fix both coma and NA

Heliostat quality Coma
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Better 

heliostats?

J. Roger P. Angel et. al., "Adjustable shape heliostats in fields for concentration > 3,000 at 

power > 1 MW," Proc. SPIE, 2023
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Deformable heliostats

0.86mrad RMS slope & tracking errors, no off-axis aberrations

Reference With secondary
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Too high concentration?

• Combine with aim point strategy

• Combine with cavity receiver

• New ultra-high temperature applications

o Solar thermophotovoltaics?
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Further work

• Explore design landscape

• Secondary mirror size

• Secondary tolerancing & cooling

• Other field sizes and geometries

o Surround fields, much larger fields

• Physical demonstration
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Conclusions
• New approach for secondary concentrator

– No contact between mirror and receiver

• Furnace-level concentration with the scalability 

of heliostat fields 
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