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Article objective:

-Characterize failure modes and detection methods -Rank and identify the most critical failure modes

The authors of the article would like to thank the ANRT funding as well as the co-financing between Heliocity and CSTB for the project "Methodology development to guarantee building photovoltaic systems' performance including failure modelling". This work has been supported by the French National Research Agency, through the Investments for Future Program (ref. ANR-18-EURE-0016 -Solar Academy).

Context

Alexandre MATHIEU 1,2,3 , Gilles FRAISSE 2 , Martin THEBAULT 2 , Simon THEBAULT 3 , Simon BODDAERT 4 , Leon GAILLARD 1 1 -Heliocity, Grenoble France 2 -LOCIE, Université Savoie Mont Blanc, CNRS UMR5271, F-73376 Le Bourget du Lac, FRANCE 3 -CSTB, Saint Martin D'Hères France 4 -CSTB, Sophia Antipolis FRANCE Email: alexandre.mathieu@cstb.fr

Methodology to rank failures via FMECA based on different data sources Main Conclusions

• Any failure mode from the system, inverter, wiring components appear in the top 12-critical failures

• The Top12 is spread over all system components and any failure mitigation strategy needs to take into account every single piece of PV installation.

State of the art on photovoltaic failure modes and detection methods

Failure Modes, Effects and Criticality Analysis (FMECA) prioritizes failures modes by assigning scores to each failure:

• Severity (S): Estimate of failure consequences

• Occurrence (O): Likelihood of failure appearance

• Detection (D): Ability to identify and prevent failure (defined here as):

o 𝐷 = 𝑀 + 𝐶 with 𝑀, market maturity and 𝐶, intervention cost

The Risk Priority Number (RPN) can then be computed:

𝑅𝑃𝑁 = 𝑆 ⋅ 𝑂 ⋅ 𝐷

Chosen approach:

For each failure k, 

1.➢•

  Randomly generate 𝑁 𝑠 = 5000 severity and occurrence scores uniformly according to different data sources ➢ Fully take advantage of the score diversity from literature 2. Compute 𝑅𝑃𝑁 𝑘,𝑛 for each scenario n 3. Calculate the 𝑅𝑃𝑁 𝑅𝑀𝑆,𝑘 Root Mean Square (RMS): Penalize high RPN score samples and enable to compare distributions Disparity in the associations between failure modes and detection methods Exponential photovoltaic capacity market increase Operational under-performances Real installations produce 15% less compared to high quality system based on a residential data set in France and Belgium (Leloux, J., Narvarte, L., Trebosc, D., 2011. Performance analysis of 10,000 residential PV systems in France and Belgium. Presented at the 26th European Photovoltaic Solar Energy Conference and Exhibition, Hamburg, Germany.) Inverter and Wiring: Significant severity → focal elements to PV architecture • Module/Array: Many identified failures due to its sophisticated photoelectric phenomenon but few get significant severity and occurrence