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Differences:
1. Bias

2. Uncertainty
3. Asymmetry
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Lenders concerned with downside: P90, P95, P99
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Sources of forecast asymmetry ¢ SunSolve
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Sources of asymmetry in yield forecasts:

GHI — interannual variability (IAV)
Diffuse fraction

Soiling

Degradation

Availability

Curtailment

Lots more: wind speed, U., U, clipping, mismatch, etc.



Sources of asymmetry - availability € SunSolve

Fit to 1800 months of data from 68 projects in the USA
by Natural Power
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D. Chawla, “A database assessment of solar project availability in the United States,” Typical: Gaussian, Realistic: Weibull,
white paper, Natural Power, 2024. 1n=0.99, 6 =0.05 Xo=1,A=0.024, K =16 8



Sources of asymmetry - soiling

Monthly soiling loss at an Arizona site
by PV Radar
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Thore Miiller, PVRadar, and J. Spokes, Terabase
“Beyond the 2% default - Introducing PVRADAR soiling loss integration in
PlantPredict,” webinar, 2024.
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Annual soiling loss (%)

Typical: Gaussian, Realistic: Weibull,
n=2%,0 =0.5% A=2.8%, K =1.7



Sources of asymmetry - GHI |1AV
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Mormal Distribution PDF

GHI in Mokpo, Korea
by Korea Institute of Energy Research

0.0050 0.30
0.0045

oot 0.25
0.0035 -
0.0030

0.0025 0.15
0.0020

00015 0.10
0.0010 I o
0.000% ..

0.0000 0.00

1,200 1,250 1,300 1,350 1,400 1,450 1,500 1,550 1,600
Total Annual GHI (EWh/m?)

mmm Probability Histogram ~ ——Normal Distribution PDF

SY.Kim et al.

Fmbal:ti.lit}r of Actiial GHI

“Prefeasibility study of photovoltaic power potential based on a

skew-normal distribution,” Energies 13, p.676, 2020.
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Sources of asymmetry - GHI |1AV

Mormal Distribution PDF

GHI in Mokpo, Korea

by Korea Institute of Energy Research
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“Prefeasibility study of photovoltaic power potential based on a

skew-normal distribution,” Energies 13, p.676, 2020.
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o =3% X, =1.054,A=6.5%, K =2 11



Sources of asymmetry - degradation
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A. Virtuani A et al., “35 years of photovoltaics: Analysis of the TISO-

10-kW solar plant, lessons learnt in safety and performance”

Typical: Gaussian,
Photovoltaics in Photovoltaics 27, p. 328, 2019. n=-0.62,0 =0.02

Estimate: Skewed Gaussian,
a=-3,{=-03,w =0.5% 12



Combining uncertainties

Soiling
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Combining uncertainties
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Combining uncertainties
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Combining uncertainties
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Combining uncertainties

Soiling
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Yielduncertainty
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How many simulations?
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(c) 1,000 simulations
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(d) 10,000 simulations
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This example illustrates general effects.
It does not represent an actual sli@.



Yield uncertainty ¢ SunSolve

Error in interannual GHI

P90 P50 P10

P95

Probability

9
I
I
I
I
I
I
I
I
|
I

10k simulations :
0.85 0.9 0.95 1 1.05 1.1 1.15

Yield relative to P50

This example illustrates general effects.
It does not represent an actual sli®.



Yield uncertainty ¢ SunSolve

plus error in GHI calibration
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This example illustrates general effects.
It does not represent an actual 2@.



Yield uncertainty ¢ SunSolve

plus error in soiling loss
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This example illustrates general effects.
It does not represent an actual s2t&.



Yield uncertainty

plus error in availability

10k simulations
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This example illustrates general effects.
It does not represent an actual 2.



Yield uncertainty ¢ SunSolve

plus error in other aspects of PVSyst model
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This example illustrates general effects.
It does not represent an actual 3.
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plus error in degradation —yr 10
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This example illustrates general effects.
It does not represent an actual 2.



Yield uncertainty ¢ SunSolve

plus error in degradation —yr 20
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10k simulations

This example illustrates general effects.
It does not represent an actual sts.



Yield uncertainty ¢ SunSolve

plus error in degradation —yr 20
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This example illustrates general effects.
It does not represent an actual 2.



Yield uncertainty ¢ SunSolve

P90 P50 P10

P5

Typical uncertainty due to GHI
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This example illustrates general effects.
It does not represent an actual s2g.



Yield uncertainty ¢ SunSolve
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This example illustrates general effects.
It does not represent an actual 2@.
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This example illustrates general effects.
It does not represent an actual 2@.



Conclusions ¢ SunSolve

 Many of the major sources of uncertainty are asymmetric.

* They tend to have a longer downside than upside tail. /\

 Asymmetry can be incorporated by the Monte Carlo approach:

o Requires 1k — 100k simulations (depending on desired output).

e Aftera

O Was

| sources of error are combined, asymmetry can be

ned out, or

o have a significant impact on the final PXX distribution.
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This project received funding from the Australian
Renewable Energy Agency (ARENA) as part of
ARENA's Advancing Renewables Program.

Australian Renewable
Energy Agency

The views expressed herein are not necessarily the views of the
Australian Government, and the Australian Government does not
accept responsibility for any infermation or advice contained herein.
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