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| NTR ODU CTl ON PredictioznoizanortugaI

» Renewable energy has been and is still growing, including photovoltaic (PV) energy.

« Being able to do an accurate assessment of solar radiation allows for better planning and design

of PV systems.

« Since generation of energy maps using observations require various instruments dispersed

throughout the desired domain, numeric weather prediction (NWP) models can be used.

* NWRP models have some difficulties in correctly simulating solar radiation, mainly direct normal

irradiation (DNI).
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SIMULATION DATA PredictioznoizanortugaI

« Generation of Typical Meteorological Year (TMY) based on 16-year observation data at Evora;

Selected years/months
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

2018 2006 2017 2008 2005 2010 2014 2007 2011 2008 2004 2018

« Simulation of TMY for the South of Portugal using Meso-NH model. Some important details:
« 72h simulations initiated and forced with analysis data from ECMWF model.
« 1.25 km of horizontal resolution.
« Radiation scheme - ecRad (v 1.0.1).
»  Spartacus solver.
» Aerosol climatology: MACC (12 aerosols species).

» Obtained 1-minute data converted to 10-minute values of the variables:

»  Global Horizontal Irradiance (GHI). * Wind Speed (WS).
«  Direct Normal Irradiance (DNI). *  Wind Direction (WD).
- Diffuse Horizontal irradiance (DHI). * Average Cloud Fraction (avgCF).

° A”' Temperature (T) O MaXimum CIOUd Fraction (maXCF)




EXPERIMENTAL DATA

At Evora - Verney:
» Before 2017:
* 10min time-step experimental data of GHI and DHI.
» Computation of DNI from observations of GHI and DHI.
« 2017 and 2018:

« 1min time-step experimental data of GHI, DNI and DHI
from the sunTracker.
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ANALYSIS OF MESO-NH OUTPUT (EVORA) Frediction R

0 Yearly values: Observations 1.82; Meso-NH 1.97 (MWh/m 2)
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* 10-minute data analysis
(Wh/m?):

Metrics GHI DNI
MBE 5.41 24.24
RMSE 2152 49.22
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.5 Yearly values: Observations 2.05; Meso-NH 2.70 (MWhImz)
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* DNI: 31.71%.
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DEVELOPMENT OF ANN MODEL Prediction [t

ANN Default Parameters

 Architecture: fitting network Input 1

with 3 layers. Activation

Function

V Output
J‘ >

Input 1

Aggregation
 Activation Function: hyperbolic
tangent sigmoid.

A 4

v

Input n-1

* Performance Function: mean

squared error.
Input n

 Data division: randomly into
70% for training and 30% for
validation.
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DEVELOPMENT OF ANN MODEL Prediction B

Selection of Inputs

P2
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 Introducing the CAMS analysis data set:
» Spatial resolution: 0.125°.
» Temporal resolution: 3h.

ACDSS0
ACDSED

« Variables tested:
» Aerosol optical depth at
469 nm (AOD469),
550 nm (AOD550),
670 nm (AOD670),
865 nm (AODB865) and
1240 nm (AOD1240).
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ADD1240

» Sea salt aerosol optical depth at 550 nm
(SSAOD).

» Organic matter aerosol optical depth at 550
nm (OMAOQOD).

» Dust aerosol optical depth at 550 nm
(DUAQD).




'Nu'merical Weather

DEVELOPMENT OF ANN MODEL "’edict‘°2"0"'_2:‘1'::tuga'

TeSting ANN models Variable of interest GHI DNI

] ANN model rank 1 2 3 4 5 1 2 3 4 5

* Metric: MSE,, (%) 67.60 67.07 66.95 66.92 66.83 82.41 82.34 82.28 82.24 81.89
Number of neurons 100 99 95 97 98 97 99 100 98 96
MSETd = MSEMeSO_NH _ MSEANN X 1009% GHI X X X x x x X X X X
MSEMeso—NH DNI X X X X X X X X X X
DHI X X X X X X X X X X
o . Zen X X X X X X X X X X
* Training Function: T y " y " N " o N y y
» Levenberg-Marquardt backpropagation. WS X X X X X X x x x x
« Bayesian regularization backpropagation. WD X X X X x X X x X X
angF X X X X X X X X X X
Inputs maxCF X X X X X X X X X X
* Number of Neurons in the Hidden Layer: AOD46S y y y o« y
from 1 to 100. AODS50 « « y y « < x xxx
AODG670 X X X X X X X X X X
AOD865 X X X X X X X X X X
« Addition of inputs in order of their AOD1240 x x x x x x x x x x
Pearson’s linear correlation coefficients. OMAOD x x x x x x  x  x  x  x
DUAOD X X X X X X X X X X

SSAOD X X X X % X X % X X
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DEVELOPMENT OF ANN MODEL Prediction [t

Testing ANN models

* Increase in performance (MSE,,) when

using the mean of 100 trained ANNSs: i Observations
200
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R ES U LTS PredictioznoizanortugaI

Yearly values: Observations 1.82, Meso-NH 1.97, ANN Model 1.83 (MWh/m 2)
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349.43 |-

GHI and DNI data from stations of the
DNI-A network.

« Monthly data analysis (KWh/m2): 38991
GHI DNI 4 - PECS Evora - Mermey
Metrics — 38.54 | . " : ]
Meso-NH ANN Meso-NH ANN 2 Evora - EMSH
MBE 963 2.63 4367 5.7 %;
RMSE 1149 426 4800 1157 -:Eﬂ 38.09 |
-
* Relative MBE for the available data:
37.64 |
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RESULTS
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CONCLUSlONS PredictioznoizanortugaI

» The Meso-NH model shows overestimation of solar radiation probably due to poor cloud

simulation and use of monthly-mean aerosol climatologies.
» GHI is better simulated by the Meso-NH model than DNI.

« The corrective algorithm dramatically improves not only the simulations of solar radiation for the

station of Evora-Verney but also for the surrounding region.

« An accurate solar resource assessment is essential for applications related to the solar resource

and, ultimately, for planning and design of photovoltaic energy systems.
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