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Introduction

The "DeepBluSky" software provides comprehensive modeling and simulation for agrivoltaic systems. It evaluates the interdependent electrical, agricultural, and economic

performance by modeling the physical interactions between the sky, photovoltaic (PV) modules, and the underlying crops. Its central innovation is the explicit modeling of
coupled PV-crop interactions, including light, infrared radiation, convection, and water transport. This enables informed decisions on system design and farm management to
mitigate risk and enhance yields. Simulations highlight the trade-off between PV production and agricultural yield as a function of ground coverage ratio and demonstrate

that reduced evapotranspiration from shading can lead to significant water savings.

Evaluating Performance

Technical Approach & Functionalities

Builds on top of RADIANCE [1, 2] and ExpertN5 [3] with customized interfaces and modules to Our model gives the electric yield for each module based on the
simulate light and crop development and brings them together with a built-in group of physical irradiance at the surface and its area. This is then combined
models (structure-geometrical, thermal-convective, electrical, longwave optical-radiative, etc.). according to the plant layout to obtain the solar-field yield.

These transform meteorological data given as input into microclimatic conditions, by calculating O
relevant physical quantities based on a comprehensive energy-balance. 00 — Module Power Output - module_1_rear

Surface: up 0 0 module 1 bottom

Multiple structure, soil and crop parametrizations are available to configure and run different 300 System Power Output: -301.52 W
simulations with ease. The preferred data format to ingest is the EPW which is usually contains
precipitation and longwave downwelling irradiance, which enables a full multi-physics simulation.
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Figure 4: Simulation results - power output - for Vertical APV.

From ExpertN we get the crops’ biomass, and the water balance
details. After a full-season simulation with appropriate weather
data, we get the crop yield and the water consumption of the

field. .,
Figure 1: Simulation results visualization - shortwave radiation - for Heggelbach site and vertical APV. fotal Blomass - gp_reference
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The ExpertN setting used, implements the GECROS and NOAH [5] models for crop development and o
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canopy-atmosphere interactions. The energy balance at the ground is solved using the NOAH model.
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Figure 5: Simulation results - Total Biomass - Wheat. Season 2017.
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A measuring campaign took place during the summer of 2023. Shortwave and longwave radiation Figure 6: Simulation results - Water Content - Wheat. Season 2017.

data was recorded for clear-sky and cloudy days. The simulation correctly reproduces the
observations from a qualitative point of view, predicting the shading times accurately.

DeepBluSky thus provides a robust analytical framework,
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Looking ahead, the modular design of DeepBluSky enables the
integration of advanced sub-models, including rain distribution
and wind-field dynamics. Realizing this potential would require
both acquiring high-fidelity validation data for new (and existing)
modules and simultaneously optimizing the code to manage
computational overhead and improve its practical usability.
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Figure 3: Short- and longwave radiation at 1.2m height. Observations vs. simulated for ¢lear- and overcast sky
conditions. Sensor positioned between two module rows.

Simulated outgoing longwave higher: Simulated incoming longwave lower:
Implies crop-soil canopy was cooler. Simulation with Implies modules were warmer. Simulation with Refe rences
bare soil; observation with vegetal canopy, which appended TMY wind- and air data, influences the
induces additional cooling through evapotranspiration, energy balance. Likely more wind or lower
thus lower temperatures. temperatures in TMY data. [1] Ward, Gregory J., Computer Graphics (Proceedings of '94 SIGGRAPH
conference), July 1994, pp. 459-72.
S _ _ . o o [2] Ayala Pelaez and Deline, (2020). Journal of Open Source Software,
The validation of the longwave component implies an implicit validation of the energy balances. A 5(50), 1865
proper validation, depends on a more comprehensive dataset which includes (at least) in addition [3] Priesack, E., (2006). FAM-Bericht 60, Hyronimus, Miinchen.
wind speed, and air temperature. As for the plant-soil system, the development stage of the canopy [4] Warrach-Sagi, K., et al. (2022). Journal of Geophysical Research:

should be consistent between measurements and simulation state. Atmospheres, 127, €2022JD036518.
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