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Credits:https://unsplash.com/es/fotos/paneles-solares-en-campo-verde-513dBrMJ_5w

https://www.youtube.com/watch?v=AZ8VQ_zmf1M&t=209s
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Credits: https://www.youtube.com/watch?v=AZ8VQ_zmf1M&t=209s

https://www.youtube.com/watch?v=AZ8VQ_zmf1M&t=209s






Irradiance

Sun position

Temperature
Maximum 

Power Point 
(MPP)

Operating conditions
Simulation

Output

Simplify this part?







Removing night-time operating 
conditions (zero irradiance)





2 November, 11:00

Irradiance

Sun elevation

Sun azimuth

Temperature

922.49 W/m²

31.14º

-24.87º

43.19ºC

Simulation

383.60 W

MPP output for 2 
November, 11:00

3 November, 11:00

Irradiance

Sun elevation

Sun azimuth

Temperature

919.51 W/m²

30.85º

-24.75º

43.39ºC

Simulation

382.02 W

MPP output for 3 
November, 11:00



2 November, 11:00

Irradiance

Sun elevation

Sun azimuth

Temperature

922.49 W/m²

31.14º

-24.87º

43.19ºC

Simulation
Real value: 
383.60 W

MPP output for 2 
November, 11:00

3 November, 11:00

Irradiance

Sun elevation

Sun azimuth

Temperature

919.51 W/m²

30.85º

-24.75º

43.39ºC Real value: 
382.02 W

MPP output for 3 
November, 11:00

921 W/m²

31º

-24.81º

43.29ºC

mean

mean

mean

mean

382.81 W
MPP output

Mean operating conditions

382.81 W

382.81 W

2 November, 11:00

Irradiance

Sun elevation

Sun azimuth

Temperature

922.49 W/m²

31.14º

-24.87º

43.19ºC

383.60 W

MPP output for 2 
November, 11:00

3 November, 11:00

Irradiance

Sun elevation

Sun azimuth

Temperature

919.51 W/m²

30.85º

-24.75º

43.39ºC

Simulation

382.02 W

MPP output for 3 
November, 11:00

Similar! Similar!









1 January, 00:00

1 January, 01:00

31 December, 23:00

1 January, 09:00

1 January, 10:00

31 December, 17:00

Removing 
night-time (zero 

irradiance)

Centroid operating 
conditions for 
cluster 1

Simulation
MPP for 
cluster 1

MPP for 
cluster 2

MPP for 
cluster 

800

Percentage of 
reduction on initial 

data set

MPP for 1 
January, 

00:00

Centroid operating 
conditions for 
cluster 2

Centroid operating 
conditions for 
cluster 800

MPP for 1 
January, 

01:00

MPP for 31 
December, 

23:00



Meteorological data 
from Madrid, Spain



Module-level 
performance for 

comparison



More reduction in 
computational time than 
module-level simulation

Less errors than 
module-level simulationMore stable results!



1 January, 00:00

1 January, 01:00

31 December, 23:00

1 January, 09:00

1 January, 10:00

31 December, 17:00

Removing 
night-time (zero 

irradiance)

All data for 00:00 
hour

Precision 
per hour

All data for 01:00 
hour

All data for 23:00 
hour

Grouping data 
per hour of the 

day

For hour select a number of clusters

that explain of the data variability 
inside that hour

Simulation







FIXED module-level 
simulation 

performance



SFA outperforms 
both methods



Module-level 
performance for 

comparison







PV shading models with PVLIB
Accelerating photovoltaic system simulations via statistical data aggregation

Traballo de Fin de Máster Adrián Blanco Aguiar


