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Validation

• Mean bias: 𝜇𝑛
𝑃𝑂𝐴 ∼ 𝑁 0,1.5% *

• « Standard Deviation » (𝜎𝑛
𝑃𝑂𝐴) 

uniformely picked within [5%;9%]*

Alexandre MATHIEU1,2,3, Martin THEBAULT2, Gilles FRAISSE2, Simon 

THEBAULT3, Simon BODDAERT3, Leon GAILLARD1

1. Heliocity, FRANCE 

2. LOCIE, Université Savoie Mont Blanc, CNRS UMR5271, FRANCE

3. CSTB, FRANCE

Email: alexandre.mathieu@cstb.fr

Objectives: 
Establishment of a methodology to estimate PV 

performance uncertainties 

POA irradiance = major source of uncertainty* 

𝜺𝒏
𝒌𝒅 𝒕 ∼ 𝑓(𝑘𝑡𝑠𝑎𝑡 𝑡 ) 𝜺𝒏

𝑷𝑶𝑨 𝒕 ∼ 𝑁(𝜇𝑛
𝑃𝑂𝐴, 𝜎𝑛

𝑃𝑂𝐴)

𝛾𝑘𝑡(𝑡) ∼  𝑁(0, 1)

Background

The methodology is validated through 3 steps:

1. Trained on 6 BSRN stations 

2. Tested on 3 other BSRN stations for GHI/BHI/DHI

3. Tested on 40 PV-live stations for POA-global (25° south)

Uncertainties are estimated at each step of the modeling chain to generate the Plane-Of-

Array (POA) irradiance at a hourly granularity with Monte Carlo simulations.

𝑓𝜎 for 𝜃𝑠 >15°

𝜺𝒏
𝒌𝒕 𝒕 = 𝜇𝑛

𝑘𝑡 + 𝛾𝑘𝑡 𝑡 ⋅ 𝑓𝜎(𝑘𝑡𝑠𝑎𝑡 𝑡 , 𝜃𝑠)

This study addresses AC-energy 

uncertainties with a focus on POA-

irradiance at an hourly granularity within 

Europe. 

Using Monte Carlo techniques, the 

developed methodology enables to 

generate 95% confidence intervals for:

• Global Horizontal Irradiance

• Beam Horizontal Irradiance

• Diffuse Horizontal Irradiance

• Plane-Of-Array (POA) irradiance.
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𝑘𝑡-error standard deviations as function of 𝑘𝑡𝑠𝑎𝑡 𝑘𝑑-error distribution as function of 𝑘𝑡𝑠𝑎𝑡

1. GHI 95%-interval

𝜺𝒏
𝒌𝒕 𝒕

Satellite data
𝑘𝑡𝑠𝑎𝑡

𝒌𝒕 with uncertainty

𝑘𝑡𝑛 = 𝑘𝑡𝑠𝑎𝑡 + 𝜀𝑛

𝜺𝒏
𝒌𝒅 𝒕

Decomposition 
(Erbs)

𝒌𝒅 with uncertainty

𝑘𝑑𝑛 = 𝐸𝑟𝑏𝑠(𝑘𝑡𝑛)  + 𝜀𝑛

Transposition 
(Hay and Davies: HD)

𝑷𝑶𝑨 with uncertainty

𝑃𝑂𝐴𝑛 = 𝐻𝐷(𝑘𝑡𝑛, 𝑘𝑑𝑛) + 𝜀𝑃𝑂𝐴

2. DHI/BHI 95%-interval 3. POA 95%-interval

𝜺𝒏
𝑷𝑶𝑨 𝒕

BSRN stations

Clearness index 𝑘𝑡 =
𝐺𝐻𝐼

𝐺𝑒𝑥𝑡

Diffuse ratio 𝑘𝑑 =
𝐷𝐻𝐼

𝐺𝐻𝐼

𝐺𝑒𝑥𝑡: extraterrestrial irradiance 
on a horizontal plane

HelioClim-3v5

𝜇𝑛
𝑘𝑡 ∼  𝑁 0, 0.015

Fitted with training set Fitted with training set 

PV-live stations


	Diapositive 1

