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Motivation
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Photovoltaic production depends on many factors starting from the choice of the PV technology and the

conditions to which PV modules will be exposed in terms of exposure to sunlight, temperature, dirt,

shading, atmospheric water (humidity, rain, snow, dew, frost) and the surrounding environment.

PV modules are usually qualified by the manufacturers under controlled laboratory conditions (known as

the Standard Test Conditions, STC, and Normal Operating Conditions), which are useful to assess and

compare the performance in a standardized way, but which might radically differ from real-life conditions.

How do different environmental factors affect the production of a PV module? 
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A multi-parameter site (www.sirta.fr) 
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SIRTA (Site Instrumental de recherche par télédétection atmosphérique)
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Since 2003

Since 2002

BSRN member since 2003 (site: PAL)
https://bsrn.awi.de/

Current available parameters in BSRN 
archive : 
• SWDn (DIF, DIR, GLO), LWDn
• Air temperature, RH, pressure

Since 2014

80m



http://sirta.ipsl.fr/data_quicklooks.html
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Experimental Platform
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• 10-min data (resampling due to 
different time resolutions) 

• Installed in 2014 but data used is from
2018-2020



STC specifications
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1000 W/m2

25ºC (cell temperature)
AM 1.5



Data Filtering
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• AM[1,5]
• AOI < 60°

Geometric Filters

• DF < 1.05
• Global Solar Flux > 0

Quality control Filters
• ΔKc < 0.5
• Abs(POA_calc – POA)           

< 0.1*POA_calc

Stability Filters

• η > 50%
• PR quantile 0.01, 0.99 

Statistical Filters

Resampling• Pmpp > 1% of max 
power otuput

Weather Filters



Atmospheric & Performance Indicators
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• Clear-Sky Index (Kc)

• Average Photon Energy (APE)

• Spectral Mismatch (M)

• Reference Yield (RY)

• Array Yield (AY)

• Efficiency (η)

• Capacity Factor (CF)

Performace Ratio (PR)

Spectral Impact Factor (SIF)
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GHI: global horizontal 
irradiance 

E: solar spectrum
Φ : photon flux 
q: charge of electron

Eref: reference solar
Emeas: measured solar spectrum
ST : spectral response of module 
SR : spectral response of pyranometer (assumed to be 1)

Gi: measured in-plane
irradiance

𝑅𝑌 =
σ𝐺𝑖
1000 

𝐴𝑌 =
σ𝑃𝑚𝑝𝑝

𝑃𝑆𝑇𝐶
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𝐴𝑌

𝑅𝑌
𝜂 =

σ𝑃𝑚𝑝𝑝

𝑠𝑖𝑧𝑒 × σ𝐺𝑖
𝐶𝐹 =

σ𝑃𝑚𝑝𝑝
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Pmpp: Maximum power point 
PSTC: power output at 
standard conditions 
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Results & Discussion



Results: Yield
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Results: Performance Ratio, Efficiency
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Variations in 
performance ratio:
• mc-Si/a-Si → 8% 
• c-Si → 20%
• CIS → 15%
• HIT → 15%
• CdTe → 10%



Results: Temperature, Kc effect
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Results: APE
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Summary & Conclusions



Summary
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• Thin-films give better performance ratio results in the midlatitude typical climate of the study, where

there is variable weather as they remain more stable through different conditions and are less affected

by high temperatures.

• c-Si based technologies will achieve higher performance and efficiency during cold weather but

significantly lower values during warm ones due to their high temperature coefficient.

• The spectral mismatch factor effect is small when compared to the effect of temperature or irradiance

but should be considered nonetheless as it is non-negligible.



This research was produced within the framework of Energy4Climate Interdisciplinary Center (E4C) of IP Paris and Ecole des Ponts

ParisTech. This research was supported by 3rd Programme d’Investissements d’Avenir [ANR-18-EUR-0006-02] and by the Foundation of

Ecole polytechnique (Chaire “Défis Technologiques pour une Énergie Responsable” financed by Total)

Acknowledgements

21

Thank you ! 

moira-i.torres-aguilar@lmd.ipsl.fr

PEARL PV Online Parallel Workshop / September 23rd, 2021


