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Using a Markov Decision Process Approach
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Soiling of PV panel surfaces is estimated to create 4% annual losses in global PV energy production, for some sites even surpassing 45%."

These losses can be mitigated by manual cleanings of the panels, but the tradeoft between soiling losses and the cleaning costs has to be considered.

A high variability in environmental factors (e.g. single strong natural soiling or cleaning events) makes it challenging to predict future soiling losses.

This new method increases the profitability of PV cleaning schedules by utilizing probabilistic weather forecasts to optimize the future cleaning dates and it can assess the
general economic potential of PV cleaning only based on widely available data.

Methods

Forecasting the soiling process

Soiling by particulate matter (PM):
One of the main sources of soiling is the deposition of airborne particles. There
s a high correlation between PM;, and PM, s concentrations and PV soiling.
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HSU soiling model:

t is used to estimate future soiling based on PM. It assumes soiling to be a
function of PM concentrations and effective settling velocities.? Natural cleaning
s considered by 80% partial cleaning when the daily rain sum surpasses 1Tmm.
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2019 MERRA-2 meteorological reanalysis data. and measured soiling ratio (WAPP data®) for the dry period at the location Malanville, Benin (2021/2022).
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- It reaches 99.3% of the maximal net income that can be earned with ideal

cleaning dates, in this case study. Cleaning strategies simulated for the measured soiling scenario at Malanville, Benin (2021/2022)

Conclusions

- PV plant cleaning schedules can be improved, based only on open-access meteorological data and current soiling measurements.
- The new method outperforms conventional cleaning schedule optimization, especially in the scenario of strongly varying soiling rates.
- Other information sources (e.g. real time weather forecasts for the next days) can be integrated into the optimization to increase the accuracy further.

- Cleaning strategies can now be benchmarked on historical scenarios against the best possible cleaning schedule. Supported by
- Other potential applications of the MDP optimization framework in the PV industry can be explored (e.g. charging/discharging of BESS). AR | Fecentvinity
and Climate Action
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