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MOTIVATION

Statistical analysis of technical failures

Workflow
Failure appearance in PV plant

Creation of ticket in SCADA system
Classification of failure according to TRUST PV’s Risk Matrix
Resolution of failure

Statistical analysis of failure (CPN?)

1H2020 Solar Bankability project http://www.solarbankability.org/home.html
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MOTIVATION

Cost Priority Number?

Calculate the appearance likeliness & severity of technical failures in PV systems

Soiling

Delamination Shading

CPN — Cdown + Cflx - | . : Glass breakage

Ciown — COsts related to downtime of plant PID =
Crix — costs related to fix failures g Potential Induced

Snail track
Theft of modules

—p— Mever detected - base case (€/kWp/vear) == CPN (€/kWp/vear) ——e= Failure fix (€/kWp/year)

1H2020 Solar Bankability project http://www.solarbankability.org/home.html
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Missing data
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Parameter

Type of missing data

Amount of missing data

Ratio training set / test set

Predictor availability

Imputation models
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Parameter

Type of missing data
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1.0
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Amount of missing data
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Parameter

Ratio training set / test set
99%
95%
90%
80%
710%
60%
50%

n TRUSTP e u ra c
@ TRUSTPV e TESEATC h 23.09.2021 Pearl PV Workshop



Parameter

Predictor availability

Climate reanalysis

Measured parameter

No data

data
Climate data ERA5? + tilt & azimuth
Gpoa Gpoa
Tamb Tomp
Neighbouring string/plant Cams? + tilt & azimuth
Power Gpoa
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Univariate imputation
methods
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Parameter

Predictor availability
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Parameter

Imputation models

HEEEREn 4 AL Empirical models Univariate models
models
Multivariate linear regression* PVWatts® Hourly average
K-nearest neighbors? PVGIS® Random value?
Decision tree* 3 parameter model’ Kalman smooth?®
Random forest* Interpolation®10

Extra tree?
Gradient boosting regressor?

Histogram based gradient
boosting regressor?
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PV plant

Poly-crystalline Si system
Nominal power 4.2kWp

In operation since 2010
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Weather station:
Plane-of-array irradiance
Ambient temperature

Pearl PV Workshop
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PV plant

Yield [Wh/Wp]
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Statistical metrics
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Results — rRMSE - 4 hours
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Results — rRMSE - 24 hours
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Results — rRMSE - 24 hours
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Results — rRMSE — 240 hours

5%| 20% 50% |[5%]| 20% 50%

25

N
o

rRMSE [%]
|—|
Ul

10
5
0 0O X0 2 2 e
o 0 02 aev e (\o©
a9 S e 2 \xl’a‘ 065
bo\) QC\\«\ _ C\\“\ 5 ) f(\ < oo
e R ¢ T a® SN ((S\P“
o« N N
Linear Regression B Random Forest B HistGradientBoostingRegressor B 3 parameter model . Kalman Smooth
mmm KNN Bl Extra Tree . PVWatts B Average value B Interpolation
B Decision Tree Regressor  EEM Gradient Boosting Regressor  ml PVGIS B Random value
eurac

@ TRUSTPY e TESEATCH 23.09.2021 Pearl PV Workshop 18



Summary

PREDICTORS

L Type of missing data
prec

- Clinr

Amount of missing data S
univ :
Ratio training set / test set

WA\ Predictor availability

- with
EUlt Imputation models 4
acclveey /

IMPUTATION MODELS

- Smaller data gaps: simpler ML models
and power predictive models TS

- Bigger data gaps: more complex ML H‘ more complex ML models
models

| simpler ML & empirical models
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Outlook

- Extend study with more datasets
» Study climate reanalysis data in other locations

- Economic sensitivity analysis of imputation methods
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