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Abstract

This study aims to reduce biases in diffuse irradiance modelling at subhourly time scales, which is critical for accurate photovoltaic system performance simulations. Typically, this process involves
estimating diffuse horizontal irradiance (DHI) from global horizontal irradiance (GHI) and then applying a decomposition model to determine the irradiance on the PV module plane. While models

like Erbs and Perez are standard, they introduce biases when applied to fine time scales (e.g., 1-minute) without adaptation. Leveraging global ground-based datasets, this work compares common
DHI and decomposition models and proposes reparametrized coefficients specifically for subhourly scales. The results demonstrate that these improvements reduce mean bias in yearly simulation
estimates. We also discuss requirements for further improvements.
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@ DIFFUSE IRRADIANCE MODELS: FROM GHI TO DHI
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@ TRANSPOSITION TO PLANE OF ARRAY: FROM (GHI,DHI) TO DIFFUSE COMPONENTS

Previous model: Simulation bias for typical system types with different plane-of-array:
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Refit for all timestep durations:
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@ IMPACT ON SOLAR RESOURCE FOR TYPICAL POWER PLANTS

System types: Site-years statistics: Results:
e Horizontal PV: used as reference Discrepancy on GlobEff (using modelled vs measured DHI): Median, Q10 & Q90
e Fixed tilt: tilt = latitude. bifacial. GCR 40% Horizontal Fixed tilt Lat-south Single axis tracker |ZI Very small dlscrepancy on horizontal plane

e Single Axis tracker: bifacial, backtracking, GCR 40% (residual one due to AM).
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Summary

Reparametrizing the diffuse irradiance and transposition models successfully maintains a consistent mean bias across all subhourly timescales. Comparing the diffuse modelling against
measurements from numerous sites reveals a median impact of approximately 0.5% on solar resource estimation, with a spread between -1% and +2%. Performance could be further enhanced by
improving fitting convergence and using models with additional parameters. Regarding the transposition model, our reparameterization eliminates the artificial bias caused by the unmodified use
of Perez’s 1990 coefficients, keeping the bias below 0.25% for typical systems. Nevertheless, a comprehensive dataset of 1-minute plane-of-array data is required to fully characterize modelling errors
at short time scales.




