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Motivation
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Solar irradiance data
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Motivation -

L DUV desid™ Funetion monitoring
Solar irradiance data
Which dataset can be used worldwide? (@ A
Which dataset gets the best accuracy in my country? B LS BENCHMARK
Which dataset works better under special conditions 4 Irradiance (GHI) and
. . Irec orma

(desert area, tropical area, mountains...)? Irradiance (DNI)
What is the accuracy of modeled GHI and DNI?
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Benchmarking activity

RS£ we move
Ground stations provide reference data from 2015 to 2020 N\JZ | rsearch

* Global Horizontal Irradiance - GHI, Direct Normal Irradiance — DNI , Diffuse Horizontal Irradiance - DIF

* Minimum of 2 years during 2015-2020 (1-minute data resolution)

‘”? ;\ =
2 cspatl

= e
I Automatic Weather Station §| |

Tier 1 Tier 2

GHI, DNI and DIF measured separately GHI and (DNI or DIF) measured
with solar tracker (3 components) separately (2 components)
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g, T 5 22 stations b 3 -5
Europe 3

212 stations

Tota! Africa
station

number: 5 stations 5
161 South America

SIEDA #

16 stations® "
Australia L

3 stations
Antarctica
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Benchmarking activity
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« Most advanced QC method for
1 _m i n m eas u re m e nts Name: Sw-SMHI-Visby Lon (°E): 18.345 Lat (°N): 57.673 First day: 2019-01-01 Last day: 2020-01-01 GHI sum = 1124kWh/m? DNI sum = 1304kWh/m?
QUERE [

NI [Wim?]

 Method developed by experts
of IEA PVPS Task 16
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1400 r_ﬂﬂ-—‘-& wim?)
1200 = g -':-;:_-é_'_,‘j}‘-:_‘%!-:"—?-"' 1000
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- = 800

« Automatic flags and manual

T o ‘q--'—:c-::.""'\-.. - " 600
. . . . . 3 : L., O
review using visual inspection
200
1000 1200 0 02 04 08 08 1 12 14 200
freq. in Kt = GHI / (ETR*cos(SZA)) [-] Solar azimuth [°N] max dni
in [%] Wim?

 Published method

do0i:10.18086/swc.2021.38.02

» Publication includes a data
catalogue of most reference o |
data (inCI. flags) ’ oo abs.GZz\mul?\D["S] o ’ o2 KfAGHI;]tEETR Ga(sz;\)[] o So\araximuth[“rj]w

» https://github.com/Assessing

i Result: 129 stations with validated measurements
Solar/solarstations
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Benchmarking activity
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. Dataset / Main data i \W_ﬁ rseQrCh
Provider Spatial coverage
model source :
DWD SARAH-2.1 MSG satellites  Full disk, Meteosat Usable Coverage of Weather Satellites
CAMS v3.2 Europe / Africa / Middle East / Atlantic Ocean
CAMS MSG satellites (Meteosat 2nd Gen. field of view, -66°N to 66°N).
CAMS pre-v4 Clear-sky data available globally.
GOES-1 6 GOES West GﬂF_'i'l'E'aﬂ Metmsqt Meteosat & Meteasat T&S Hh:lwari
Meteotest ~ Meteotest,  MSG-4,10DC, o\ 56N 1 66°N)

various sat. HIMAWARI-8,
Meteotest MOS

CSIRO CSIRO Himawari-8 Australian continent & {

Contiguous United States, part of Alaska, southern
Canada, Central America, and part of South America.

L
!

1

NREL Physical Solar

(NSRDB) Model V.3 GOES Longitudes: 25°W to 175°W
Latitudes: 21°S to 60°N to the north
Solarais Solargis v2.x, various satellites Global (60°N to 45/55°S), land area and adjacent sea
9 various sat. and oceans. Regions between 60--65°N on request.
Numerical Location of the current geostationary

BoM BOMAPS3 Weather gl satellites that provide coverage around the

ACCESS-G3*  Prediction P g

Models globe. Image from NREL

NASA CERES** various satellites Global (60°N to 55°S), land area
KNMI MS(.B'CPP MSG satellites  Full disk, Meteosat

algorithm v1

*DNI Data not available **DNI Data calculated from direct horizontal
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Benchamrking activity

- Evaluation on hourly averaged data \JZ | rsearch
MBD, rMBD Mean bias deviation, relative mean bias deviation
RMSD, rRMSD Root mean square deviation, relative root mean square deviation
MAD, rRMSD Mean absolute deviation, relative mean absolute deviation
Stdev Standard deviation
KSI Kolmogoroff-Smirnoff Index
CPI Combined Performance Index
OVER Relative frequency of exceedance situations

» Relative error metrics normalized to mean of reference ground data (>10° solar elevation)

» Metrics are summarized as weighted averages for each year (weight = number of valid
hours per year)
» Station years with <1000 h/year are discarded

* Total number of hours per site and data set varies
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Results

 Direct Normal Irradiance - DNI

SOLARGIS

1

e

CAMS pre—v4

CSIROHIMAWARI

DWDSARAH

we move

RSE
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KNMISEVIRI
. rMBD of DNI [%]

-30-20-10 0 10 20 30

@® Too large for scale in either direction

METEOTEST

total number of datapoints [1000 h]

B 5 BN 10 BN 15 I 20

NSRDBGOES
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Results

. . RSE we move
 Direct Normal Irradiance - DNI \J/ rsearch
SOLARGIS KNMISEVIRI
&
+ tMBD of DNI [%]
'i%;? - B ]

-30-20-10 0 10 20 30

@ Too large for scale in either direction

CSIROHIMAWARI METEOTEST

total number of datapoints [1000 h]

B 5 BN 10 BN 15 I 20

» Larger bias than for

GHI
DWDSARAH NSRDBGOES 1 5oL Lo
* More “difficult
stations”
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* Direct Normal Irradiance - DNI \J/

SOLARGIS KNMISEVIRI

-

oo

Wt

tMBD of DNI [%]
[ ]

-30-20-10 0 10 20 30

@ Too large for scale in either direction

METEOTEST

CSIROHIMAWARI

total number of datapoints [1000 h]

B 5 BN 10 BN 15 I 20

NSRDBGOES

W

Dar es Salam (Tanzania): frequent smog
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Results
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Africa: DNIL rMAD (%)
site ADR™ ALE" ARA AUA CAI CHI* CHL®" CHO*" DAR DEA" DUR" GAB" GOB" IZA KAA®" KAQ** KAS*" KWA" LUS" MBO* MIZ* MUT*" MZU=" OUJ FOR" PRE" STE" TAM TAT" VU'W* Mean Std
model

SOLARGIS Bl 7 107 130 172 166 142 o35 157 19 96 (80155 14+ [EEJJsz 150 17z 174 155 EEJJ 163 144 122 103 167 171 176 156 43
cams vaz HER 125 156 151 12; EEN2 151 ElEiss 157 EXINEEN s EEEENzc  BEERice 1901 155 141 155 BN EE 105 5o
oaseVIRD B 143 174 181 20 g 150 185 158 165 176 ZH00 B1EN 131 RPN RIS 104 164 144 EEJEEY EE 20s 57
caMs_prevd BEERY 140 155 134 BN 4 EEYiso 170 138 177 | -nu 35 107 1z FIEN 145 53
pwhDsaraH Y 144 180 190 . o BEJiss 3050 140 190 177 EE 206 - 234 [il0 ] 53 144 133 7.6
METEOTEST 211 2200 193 228|247 |35.5 PEEREFFEINBEERE] 305 | 040 174 7.4

ceres EEJJEER 1o 193 26 150 EEJJ20s 1901 186 172 10.8
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Results

One table per continent, climatic zone, component and metric

Africa: DNI, rMAD (%)
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site ADR* ALE* ARA AUA CAI CHI* CHL*" CHO®* DAR DEA* DUR* GAB" GOB* IZ4 KA4™" KAO** KAS* KWA* LUS* MBO* MIS* MUT** MZU=" OUJ POR" PRE* STE" TAM TAT* VUW" Mean Std
moedel
SOLARGIS I s7 107 130 172 166 142 157 18 96 180155 144 [EEJJsz 150 17 7. R 153 144 122 103 167 171 176 156 43
cams vaz HER 125 156 151 EEN 2 151 EEiEs 157 PEEIEEN s BN EE BRIl 156 101 155 1401 105 | EEEN A s o
EnMISEVIRI BEEQY 143 174 131 195 158 165 Jies 176 3@ ZE 181 ErE ve 154 144 ECJ EEY B 20 57
CAMS_prevd PEER 140 155 134 . 170 138 Rl N B 25 X - 300 124 [FIEN 145 ) |13s PERER
pwhDsaraH Y 144 180 190 o B WEN 140 190 B ey 102 OEJ XY AN 53 144 133 6 76
METEOTEST 211 2200 193 228|247 |35.5 PEEREFFEINBEERE] EE RN T FT 040 174 E:- 263 T4
ceres EEJJEER 1o 193 ] 316 PUERESER 186 172 265 [246 LB
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Results
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One table per continent, climatic zone, component and metric

Africa: DNI, rMAD (%)

site ADR* ALE" ARA AUA CAI CHI* CHL*" CHO®*" DAR DEA* DUR* GAB" GOB* IZ4 KAA®" KAQ*" KAS®™ KWA* LUS* MBO* MIS" MUT*" MZU*" OUJ POR* PRE* STE® TAM TAT" VUW" Mean Std
moedel
SOLARGIS [fW 27 107 130 172 fEER 166 142 95 157 18 o6 [801s5 144 @S82 150 178 174 155 NI 163 144 122 103 167 171 176 156 43
CAMS va.2 125 156 131 12.6 12; EEN2 151 ElEiss 157 EXINEEN s EEEENzc  BEERice 1901 155 141 155 BN EE 105 5o
KNMISEVIRI 143 174 121 304 BR B 150 185 158 165 PEie3 176 EE0VELEN 121 [TEJELS 104 164 144 ECJEEY G 205 57
CAME_pra-vd 1o 155 124 EN EE 2os Ry a0 170 138 EER = =0 s BIEN 145 LY EE X 114 sS
DWDSARAH 144 (120 100 . ] R 155 F050 140 100 E - 411 144 138 186 216 7.4
METEOTEST 211 2200 193 EXI T Y 1s: RN s EE A L 27.7 |516 N EE 04 174 R 234 EEREE
CERES 265 RREERUEN277)3: 45.5 BENINN316 PIERRSERI 20 EENETTT [35.8 [35.1 [BEEIEBEM EXjy 226 108

Benchmarking participants
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Results

\2¥ | rsearch

— Africa: DNI, rMAD (%)

site ADE™ ALE" ARA AUA CAI CHI™ CHL®" CHO®" DAR DEA" DUR" GAB" GOB" IZA KAA™" KAQ*" KAS® KWA™ LUS™ MBO* MIS" MUT** MIU** OUJ POR™ PRE™ STE"™ TAM TAT" VUW" |Alean [Std

medel

soLARGIS [EH s7 107 130 172EEJee 142 157 119 96 180155 144 [EEJJ sz 150 178 174 158

cans var R 125 156 151 307 PEEIEEREA PE =2 151 ElEies 157 EEIIEENN1:: EEEE =0

ENMISEVIRI PR 143 174 131 20 185 183 [EEise 185 158 163 17¢ ETOP) ERE 151 PEJYES) 104 164 144

CAMS pre-vd [RERY 140 155 134 EU BRI EEN 0: EEY o EX o 15E 177 | --nn 35 107 - il 124 EiE 145

DWDSARAH QY 144 130 180 I ies (170 PEJie: 2050 140 190 o177 g 206 BER N e 53 144 138
I 3040 174

METEOTEST 311020105 [ VN O RN O 15 2220 17 212 (TN EECHN PO X
cERes  EREJEE 170 193 E_:l.& Ry 150 EXJos 1901 186 172

163 144 1221 103 167 171 176 156 B3

155 141 [o5 56 s Fo

[0.8

Providers are sorted according to performance
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Reference stations (abbreviations)

Africa: DNI, rMAD (%)

site ADR* ALE" ARA AUA CAI CHI* CHL®*" CHO®*" DAR DEA* DUR* GAB" GOB" IZA KAA®" KAQ*" KAS®™ KWA® LUS* MBO* MIS" MUT*" MZU*" OUJ POR* PRE* STE" TAM TAT" VUW" Mean Std |

TodE]
SOLARGIS B =7 107 130 172 166 142 95 157 18 o6 [801s5 144 @S82 150 178 174 155 NI 163 144 122 103 167 171 176 156 43
cams vaz HER 125 156 151 12.6 12; EEN2 151 ElEiss 157 EXINEEN s EEEENzc  BEERice 1901 155 141 155 BN EE 105 5o
KnMIsEVIRI BEEJ 143 174 130 204 ER B 150 185 158 165 PEie3 176 EE0VELEN 121 [TEJELS 104 164 144 ECJEEY G 205 57
caMs_prevd BEERY 140 155 134 BN EE 2os Ry a0 170 138 EER = =0 s BIEN 145 LY EE X 114 sS
DWDsARAH BERY 144 130 100 . ] R 155 F050 140 100 E - 411 144 138 186 216 7.4
METEOTEST 211 2200 193 EXI T Y 1s: RN s EE A L 27.7 |516 N EE 04 174 R 234 EEREE

ceres  EBEJEEN 7o 193 BEIE 45.5 BENINN316 PIERRSERI 20 EENETTT [35.8 [35.1 [BEEIEBEM EXjy 226 108
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Reference stations (abbreviations)

Africa: DNL rMAD (%)

site ADR* ALE" ARA AUA CAI CHIY|CHL®" CHO®'[DAR DEA* DUR" GAB" GOB" IZ4 KAA™" KAO® KAS*[ KWA® LUS| MBO* MIS® MUT*" MZU*"[0QUJ POR" PRE* STE" TAM TAT* VUW" Mean Std
Todel
sOLARGIS B s7 107 130 172 BEEJ 166 142 o5 157 1o 96 [Of1ss 144 223 JJiE2 150 (178 174 158 163 144 122 103 167 171 176 156 43
cams vaz HER 125 156 151 196 15 (PFEY 2z EER 2 151 ER 86 150 PRl g4 | 226 217 150 EPREMiEe 19017 155 141 155 G EEENN 105 o
EvnIsEVIRI BEEQY 143 174 130 ZoA Rl i i |ERfse 185 158 185 193 176 215 | 194 Bl 17e 164 144 EEYPEY B 205 57
caus_provd BEER 140 155 124 EUENR 2 20 |EEY o EX o 1:n 23000 17.7 20 25 197 EFET s EE ss XY B BT 14 ss
pwDsaraH GEJJ 144+ 130 190 s 170 |BEfiss EE 14¢ 190 o 177 419 | 21.0 -1:: 144 138 248 PEEINI R
METEOTEST 201 3307 103 FEE] RN TR EXW s 2220173 22 ERCHN 7 ECER (ERN PR SE 20 174 EERE EEE 263 74
ceres EEJEEN s 10 BRIERR - ¢ (s B 100 583|396 | 407|553 ]351 BEXIENEREN2ss (265 [246 [PLEJBUE:
- - *
Stations with
Tier-2 stations
Not all QC tests
Higher uncertainty
Q SE Ricerca sul Sistema Energetico - RSE S.p.A. 18
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Results

 Where to find maps, tables, scatterplots, and comments? MSE F %”é)grch

&« C @ iea-pvps.org

Technology Collaboration Programme
bylea

:(i-.i Publications Research tasks o & (e e
Worldwide benchmark of modelled solar 109 *9?
NEW REPORT GRID INTEGRATION irradiance data annex de
i Task 16 has published
o - - : . anew technical report =
it i ” i onthe Worldwide
e . i Benchmark of

Modelled Solar
Irradiance Data

- N ow

Described by

License (for files):
Zer

+ READ MORE

DOI: 10.5281/zenodo0.7867002

- —

https://iea-pvps.org/key-topics/worldwide-benchmark-of-
modelled-solar-irradiance-data/
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Conclusions
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 Maps emphasize different data set sizes per test data provider and station
 Data set based on NWP shows almost exclusively positive bias
 Dependency on continent for some models
- DNI affected by somewhat larger bias (negative and positive) and greater
errors than GHI in general

 The global data set derived from polar and geostationary satellites (CERES)
has significantly higher deviations than other data sets, at times even higher
than the NWP data; its GHI is acceptable but not its DNI.

 Benchmark results can be used to identify good data sets for different
regions and applications

e Technical report jUSt pUb"ShEdZ https://iea-pvps.org/key-topics/worldwide-
benchmark-of-modelled-solar-irradiance-data/
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