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1 Introduction and hypothesis

• Degradation rate (RD) is important for predicting lifetime PV
performance

• It is statistically estimated but different approaches yield different
results and real value is unknown —> Unverified estimates

• "Several" cycles need to be completed in order to estimate RD
accurate/y and confident/y —> How many?

>Not trivial to answer because:

1) PV output varies seasonally depending on location/climate and
module type

2) Normalizations, aggregations, corrections and decomposition
models are not perfect and still contain fluctuations
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Hypothesis: Location/climate and PV module type are expected to be factors in the accuracy of RD estimations
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3 I Questions to be answered

■ How many years of operation are required to accurately estimate RD?

■ How does temperature correction affect the estimations?

■ How does aggregation affect the estimations?

■ How are these affected at different climates?

■ How are these affected by different module types?

■ How do different statistical methods perform under all these cases?
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4 Framework for worldwide parametric analysis

Real degradation rate value(s) are unknown

Synthetic datasets of known behavior were generated in order to perform the analysis

30-year
hourly

weather file
from ERA5

Normalization
and

aggregation

SAPM in pvlib-
python

Emulate
different

degradation
rate

Selection of
PV modules

Simulation
over lifetime

Nighttime filter only

Apply OLS, CSD, STL, HW

Loop for every month

Target: to match the "synthetic" with "estimated" degradation rate within 2% relative



5 Selected locations based on KGPV Climate Zone

First Letter based on Köppen-Geiger

o Temperature + Precipitation

O A: Tropical, B: Desert, C: Steppe,
D: Temperate, E: Cold, F: Polar

Second Letter based on solar irradiation

• L: Low irradiation, M: Medium Irradiation,
H: High irradiation, K: Very high irradiation
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6 Linear regression (LR) with ordinary least squares (OLS)
Case Study: I %/a, Monthly PR, c-Si
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O Highly climate dependent

o Method converges in all climates
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7 I Classical Seasonal Decomposition (CSD)
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Case Study: I%/a, Monthly PR, c-Si

o Possible to apply after 24 months of data

o Highly climate dependent

o Method converges in all climates

O Requires more data to converge
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8 I Seasonal and Trend Decomposition using LOESS (STL)
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Case Study: I %/a, Monthly PR, c-Si

o Possible to apply after 24 months of data

O Highly climate dependent

O This method does converge

O More robust in shorter time periods
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9 I Holt-Winters (HW)
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Case Study: I %/a, Monthly PR, c-Si

o Possible to apply after 12 months of data

O Highly climate dependent

o This method does not converge at all times

o Statistical methods seem to fail sometimes...
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Temperature correction with linear Regression (LR)
Case Study: I %/a, Monthly PRTC, c-Si

o Highly climate dependent

o Method can get to convergency in all climates

o Temperature correction gives great improvements
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1 2 I Magnitude of degradation rate
Case Study: Monthly PR, c-Si, Linear regression
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1 3 Boxenplots: Monthly data, 2% threshold, all locations
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1 4 Confidence intervals, aggregation, temperature correction
Case Study:Albuquerque, c-Si
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1 5 Degradation Rate Estimations
Large geographical regions

Spatial Grid : 2°x2° Latitude, Longitude

Minimum years will depend on the selected
threshold value and method, but also the
weather conditions (irradiance, temperature,
etc) and seasonal index.

Bilinear interpolation to smoothen results
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16 I Conclusions and future work
>True hypothesis: Climate/location and PV technology indeed affect the RD accuracy

>Faster convergence in degradation rate estimation is achieved when:
>Degradation rates are larger (e.g. » 1%/year)

>PV technology exhibits low seasonal performance (e.g. thin-films vs crystalline silicon)

Universit y oflitibljana los

> Confidence interval is as important as the degradation rate estimations

>Confidence intervals are reduced with temperature correction and finer aggregation

>Future work will investigate additional metrics, methods and larger geographical regions
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