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Extended Abstract

Algae-based biofuels have become of increasing interest in recent years as a renewable energy source to replace
energy derived from fossil fuels. Algae exhibits remarkable potential for producing large amounts of energy, for example
as much as 60% of their Biomass can be converted to oil, with 30 to 50% more energy output per gallon than gasoline [1].
Algae also generates about 60% of the Earth's atmospheric oxygen and, in good cultivation conditions, algae produces
protein and energy biomass 30 to 100 times faster than land plants [1-3]. Furthermore, algae does not require the entire
incident solar spectrum to perform photosynthesis. That is, algae primarily utilizes the blue and red portions of the solar
spectrum, referred to as Photosynthetic Active Radiation (PAR), while a large portion of the green and near-infrared light
received from the sun is not used in the photosynthetic reaction [4]. In this context, incident solar radiation can be utilized
for agrivoltaic applications [5]

This study discusses a novel, low cost and efficient solar spectrum splitter that partitions solar radiation into its PAR
and non-PAR components. The incident PAR and non-PAR solar irradiance is used to simultaneously drive biofuel
production and photovoltaic cells, respectively. For this purpose, photonic micro/nano structures are integrated into solar
spectrum splitters that transmit PAR to enable underlying algae cultivation, while concentrating non-PAR at the side-walls
of the solar spectrum splitter to power photovoltaic cells. Moreover, in this study we also investigate the benefits of
utilizing the aforementioned solar spectrum splitter in energy efficient agrivoltaic greenhouses that generate photovoltaic
power while producing crops.

In this work wave-optics analysis is used to model a solar spectrum splitter made from transparent panels that utilize
photonic micro/nanostructures on its surface in conjunction with the total internal reflectance (TIR) phenomenon to
separate and direct non-PAR to the side walls of the panel. The wave-optics analysis investigates different photonic
micro/nano structures, such as metasurfaces and diffraction gratings integrated into the surface of the solar spectrum
splitter. Simulation results reveal that this wavelength selective solar concentrator technology is a novel approach wherein
algae can be grown under protected, controlled conditions, while the cost of operations is offset by the structure's internal
electrical production, without any significant loss to the algal growth rate or achievable biomass density.
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