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What are solar concentrators?2

Intro. Size/BulkTheory/Ideal
Beam 

Steering
Spectrum Split Biomimicry Summary

• Solar Concentrators use optics such as mirrors and lenses to increase the 

sunlight incident on solar photovoltaic or solar thermal devices.

• Increase the power output by increasing the power input.

• Reduce the photovoltaic material required.



solar cells efficiency benefits3
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Fresnel Lens4
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Cell



Key factors for the Ideal Solar tech

 High efficiency (Optics + Cells)

 Wide Wavelength Range (Silicon: 350nm-1100nm, MJ: 350nm-1800nm)

 Metamaterials to extend this…?

 Efficient resource use and space use

 Cost Effective

 Weight? Transport, Material choice, demand and market?

 Reliability (Acceptance Angle)

 All day, everyday… all year?

 Durability and life cycle

 Materials lifetime? Maintenance? Recycling?

 Practicality and aesthetics

 Matching application needs

 Size/bulk?
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Optical Metamaterial advantages

 Reduced size and weight (and cost)

 Reduced material usage (solar cells?)

 High Demand for Increasing Power density technology!

 500Watts/kg

 >1500Watts/kg
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 Efficiency

 Metalenses can minimise/supress

 spherical and chromatic aberrations

 However often reduced focusing efficiency!

 Reliability (acceptance angle)

 Beamsteering

 Passive tracking mechanisms

Metamaterial advantages
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Spectrum Filtering and Splitting (Multiuse spaces!)
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Spectrum Filtering and Splitting

Nanopatterned indium tin oxide as a selective coating for solar thermal applications -

ScienceDirect
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https://www.sciencedirect.com/science/article/pii/S0960148123004706
https://www.sciencedirect.com/science/article/pii/S0960148123004706


Spectrum Filtering and Splitting

Nanopatterned indium tin oxide as a selective coating for solar thermal applications -

ScienceDirect
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Large Feature!

Holes better

https://www.sciencedirect.com/science/article/pii/S0960148123004706
https://www.sciencedirect.com/science/article/pii/S0960148123004706


Interdisciplinary research into biomimicry

Inspiration from Nature for optical nanostructure.

Reflectivity

Aaron F. Pomerantz

Transmittance

Anti-reflection
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Interdisciplinary research into biomimicry

Inspiration from Nature for optical nanostructure.

Rushin Contractor et. al. "Ultra-broadband, polarization-
independent, wide-angle absorption in impedance-matched 
metamaterials with anti-reflective moth-eye surfaces," Opt. 
Express 26, 24031-24043 (2018)

Badloe, T., Kim, I. & Rho, J. Moth-eye shaped on-demand 
broadband and switchable perfect absorbers based on 
vanadium dioxide. Sci Rep 10, 4522 (2020). 
https://doi.org/10.1038/s41598-020-59729-2
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Key factors for the Ideal Solar tech

 High efficiency

 Wide Wavelength Range (Silicon: 350nm-1100nm, MJ: 350nm-1800nm)

 Metamaterials to extend this…?

 Efficient resource use and space use

 Cost Effective

 Weight? Transport, Material choice, demand and market?

 Reliability (Acceptance Angle)

 All day, everyday… all year?

 Durability and life cycle

 Materials lifetime? Maintenance? Recycling?

 Practicality and aesthetics

 Matching application needs

 Size/bulk?
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Collaboration offerings:
Design, assemble and testing solar prototypes

 Optical + weather Modelling software

 Comsol, Lumerical, ASAP, APEX, PVsyst, Tsol.

 Outdoor testing facilities

 Global, Direct and diffuse Irradiance detectors

 Weather station + Solar trackers

 Cell efficiency and performance

 Constant and flash solar simulators

 External and internal quantum efficiency measurements

 Optical measurements

 200-2500nm Transmittance, Absorbance, Reflectance

 Includes integrating sphere for specular vs scattering.

 System manufacturing and assembly

 Solar cells, (silicon, CdTe, some emerging types)

 Optical moulds, reflective film, manufacturing contacts

 Need!: People who can make customised visible Metalenses!
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Thank you for your time!

 Q and A welcome or via email:

 k.shanks2@exeter.ac.uk
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