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Spatial and temporal light distribution plays a critical role in optimizing photosynthetic efficiency
in agrivoltaic systems. Abrupt transitions between light and shade can hinder photosynthesis
[1], [2], [3], reducing crop yields and affecting overall system efficiency. The use of diffusers to
distribute light uniformly in even-lighting systems has shown promise [4] but requires extensive
physical experimentation to evaluate their effects in diverse conditions. This study proposes a
simulation-based approach within the Python Agrivoltaic Simulation Environment (PASE).

Observations from field experiments conducted using lenticular diffusing sheets with axial
lenses showed that a ray of light, when diffused through such lenticular sheets, forms a conic
section on the ground. The exact type of conic section depends on the diffuser configuration
and the direction of the incoming sun ray. To simulate this phenomenon, we model the diffusers
through a bidirectional transmittance distribution function. This transfer function describes how
light rays are diffused through the material and provides the directions in which light rays are
scattered when they exit the diffusers (Figure 1). Simulations based on this model show good
agreement with experimental observations from real-world tests (Figure 2).

Our simulation framework offers flexibility in experimenting with different diffuser geometries,
which is crucial for understanding the effects of light distribution on photosynthesis in various
environments. All light simulations, including the diffusers, are based on backward ray tracing,
providing efficiency in the computations. Future use include coupling with crop models to
simulate the effect of even-lighting on crop yield, or with dynamic photosynthesis models [2] to
simulate the effect of even-lighting on CO, assimilation. These insights could inform the
optimization of light spatio-temporal availability for crops. Further generalization of the model
is needed to account for a broader range of environmental variables and diffuser materials.

Figure 1. Isometric and side view of a simulated agrivoltaics setup with horizontal PV
modules and diffusing panels. An incoming sunray is represented in blue and the diffused
rays in green.



Figure 2. Picture of a real-world test lead in the field. Irradiance at ground level is smoothed
by lenticular diffusers placed between solar modules.

References

1. S. P. Long, S. Humphries, and P. G. Falkowski, “Photoinhibition of photosynthesis in
nature,” Annual Review of Plant Physiology and Plant Molecular Biology, vol. 45, no. 1,
pp. 633—-662, Jun. 1994, doi: 10.1146/annurev.pp.45.060194.003221.

2. Y.Wang, S. J. Burgess, E. M. De Becker, and S. P. Long, “Photosynthesis in the fleeting
shadows: an overlooked opportunity for increasing crop productivity?,” The Plant Journal,
vol. 101, no. 4, pp. 874-884, Jan. 2020, doi: 10.1111/tpj.14663.

3. X.Zhu, D. R. Ort, J. Whitmarsh, and S. P. Long, “The slow reversibility of photosystem II
thermal energy dissipation on transfer from high to low light may cause large losses in
carbon gain by crop canopies: a theoretical analysis,” Journal of Experimental Botany, vol.
55, no. 400, pp. 1167-1175, May 2004, doi: 10.1093/jxb/erh141.

4. J. Zheng et al., “Increasing the comprehensive economic benefits of farmland with Even-
lighting Agrivoltaic Systems,” PLoS ONE, vol. 16, no. 7, p. e0254482, Jul. 2021, doi:
10.1371/journal.pone.0254482.



	References

