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Rapid prediction of stabilized power output for perovskite PV
modules based on kinetic modeling

ZHANG Yating
(TUV Rheinland (Shanghai) Co., Ltd., Shanghai 200072, China)

Abstract: To address the power measurement challenges of perovskite photovoltaic (PV) modules
arising from their inherent metastability, this study proposes a rapid prediction method based on kinetic
modeling. Current testing protocols require extended light soaking to achieve steady-state conditions,
severely limiting high-throughput characterization efficiency in both laboratory and industrial settings.
Accordingly, three commercial perovskite PV modules exhibiting distinct power stabilization behaviors
were selected to evaluate the applicability of logarithmic and bi-exponential models in characterizing
power dynamics. The results demonstrate that the bi-exponential model, by incorporating two independent
time constants, effectively decouples and captures the complex kinetic processes driven by ion migration
and carrier recombination. Critically, this model enables precise extrapolation of the final Stabilized
Power Output (SPO) using only approximately 1.5 h of light soaking data, with the relative prediction

error maintained below 1%. This work validates the feasibility of replacing full-duration light soaking
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with kinetic modeling, providing a robust theoretical foundation for establishing efficient stability

assessment benchmarks for perovskite modules.
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Fig. 1 Light soaking behavior of perovskite PV modules
fabricated by three different manufacturers
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Table 1 Comparison of performance metrics (R’, RMSE, and
MAE) for Logarithmic and Double-exponential models fitted to

the full stabilization curves of three perovskite PV module

samples
Logarithmic Double-exponential
Module type
model model
R 0.960 0.997
Typel  RMSE 0.004 0.001
MAE 0.003 0.001
R 0.989 0.998
Type2  RMSE 0.002 0.001
MAE 0.001 0.001
R 0.891 0.999
Type3  RMSE 0.030 0.003
MAE 0.026 0.002
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Table 2 Comparison of the performance (Rel. error) of

logarithmic and double-exponential models in predicting the

final stabilization power of three perovskite PV module samples

Rel. error/%  Logarithmic model Double-exponential model

10 8.292 7.069

20 5.809 1.134
Type 1

30 3.684 0.206

40 2.442 0.222

10 1.991 4.055

20 2.449 0.049
Type 2

30 2.133 0.320

40 1.590 0.467

10 32.553 3.824

20 21.080 17.177
Type 3

30 15.939 1.433

40 12.651 0.686
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Table 3 Performance comparison (RMSE) of the Logarithmic
and Double-exponential models in predicting the final

stabilization power of three perovskite PV module samples

RMSE/%  Logarithmic Model Double-exponential Model
10 0.047 0.045
20 0.033 0.010
Type 1
30 0.020 0.003
40 0.013 0.001
10 0.009 0.021
20 0.012 0.001
Type 2
30 0.010 0.002
40 0.007 0.002
10 0.198 0.035
20 0.121 0.084
Type 3
30 0.087 0.007
40 0.066 0.003
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Fig. 2 Comparison of the measured steady-state power and model predictions for the Type 1 perovskite PV module under different data

truncation ratios. (a) Model predictions from full-duration data versus measured results; (b) - (¢) model predictions based on the initial

10%, 20%, 30%, and 40% of the test data, respectively.
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