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National Solar Radiation Data Base

- ~ 97% modeled broadband hourly data
o e Collector modes: Perez Anisotropic Model
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NEW!

The Solar Radiation Data Manual for
Flat-Plate and Concentrating Collector
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Announcement:

The new Typical Metecrological Year version 3 (TWIT3) data sets are now available for download. The THY3 data set iz an update to, and expansion of, the
TR data sets released by NREL in 1994, The TMY?3 data sets provide greater geographical coverage than previous TMY data sets with information on
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The National Solar Radiation Data Base 1961-1950 INSRDB) contains The updated 1391-2005 National Solar Radiation Database holds solar .
30 years of solar radiation and supplementary meteorological data from and meteoralogisal data for 1,454 locations i the United States and its * Averages of Solu B,
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Special Data Sets:
Circumsolar and Spectral

2 NREL's Spectral Solar Radiation Data Base - Microsoft Internet Explorer :HElE‘

umsolar Data Manual - Microsoft Internet Exploren
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NREL's Spectral Solar Radiation Data Base
1 Circumsolar Radiation Data:
The Solar Energy Research Institute (SERT)*, Electric Power Research Institute (EPRI), Flonda Solar Energy Center (FSEC), and Pacific The Lawrenoe Berkeley Laborator’y Reduced Data Bas
Gas and Electric Company (PG&E) cooperated to produce a spectral solar radiation data base representing a range of atmospheric
conditions (or climates) that is applicable to several different types of solar collectors. Data that are included in the data base were collected at
FSEC from October 1986 to April 1988, and at PG&E from April 1987 to April 1988 FSEC operated one EPRI and one SERT Table of Contents
spectroradiometer almost daily at Cape Canaveral, which contributed nearly 2800 spectra to the data base. PG&E operated one EFPRI
spectroradiometer at San Famon, Calif,, as rezources permitted contributing nearly 300 spectra to the data base. SEEI collected about 200 Title P
spectra in the Denver/Golden, Colo., area form November 1987 to February 1988 as part of a research project to study urban spectral solar e Fage
rachation, and added these data to the data base
Foreword u
*In September 1991 the Solar Energy Eesearch Institute became the Mational Renewable Energy Laboratory.
1.... Introductio
o . ; ==
= [ e e D St
2. ... Circumsolar o P RS T 3 o
s s L B LR S A (W R Heegencene s 8o oY
Spectral Solar Radiation Data Base iy = - |
3. ... Description| &l I
. 7o e o e o G o v 0 -~
Documentation, Vol. 1 Data Set Lde
Data Line Ide
Flag Descripti] .
Storage Reep
(3 = o
. us v P e A v e A o L
Spectral Solar Radiation Data Base e
Documentation, Vol. 11

Fle Edk Vew Favorites Took Help I
p ) retp:fned el govisclarjpubefpectralpic v | £ 6o

3000
spectra

CA, FL, CO _
DNI, Global 179,000 Circumsolar

tilt,GNl,and - profile scans
GHZ ——— e 0.025° steps
11 locations

s i Dt osi S

&) Done © Trusted skes

Laborato



NREL Solar Prospector: http://mercator.nrel.gov/csp/
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Typical GNI DNI Summary Data

(Solar Radiation Data Manual for Flat-Plate and Concentrating Collectors)

Entries for Boulder CO

SOLAR RADIATION FOR 2-AXIS TRACKING FLAT-PLATE COLLECTORS (kWh/m2/day), Percentage Uncertainty = 9

Tracker Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
2-Axis  Average 5.6 6.4 7.2 8.1 8.5 9.4 9.2 8.6 8 7.1 5.7 5.3 7.4
DIRECT BEAM SOLAR RADIATION FOR CONCENTRATING COLLECTORS (kWh/m2/day), Percentage Uncertainty = 8
Tracker Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
2-X Average 4.1 4.6 5 5.7 5.8 6.8 6.7 6.3 6.1 5.6 4.3 4 5.4
Example Ratios GNI/DNI
GNI/DNI Boulder 1.37 1.39 1.44 1.42 1.47 1.38 1.37 1.37 1.31 1.27 1.33 1.33 1.37
GNI/DNI daggett 1.28 131 1.30 1.28 1.27 1.24 1.27 1.24 1.23 1.23 1.25 1.26 1.25
GNI/DNI Alamosa 1.26 1.29 1.34 1.33 1.34 1.28 1.33 1.34 1.28 1.25 1.24 1.26 1.29
GNI/DNI El Paso 1.28 1.29 1.30 1.29 1.29 1.31 1.41 1.42 1.36 1.30 1.30 1.29 1.33
GNI to DNI Ratio (FP to CX) Diffuse on Track FP (GN-DN)
1.50 A 3.00 ‘
~
1.45 g 250 >
/ N ,
, ) o =#=DIFFUSE TRACK PLATE
£ 140 / \1 f‘)(\ 2 200 %\) A Boulder
z 4 P~ J  —+—GNI/DNIBoulder " %
5 135 / 3 150 —8—DIFFUSE TRACK PLATE
s a0 1/ \t )’-‘(/ —B—GNI/DNI daggett £ =4 Dasaen
e GNI/DNI Alamosa G DIFFUSE TRACK PLATE
1.25 - £ 050
| —<—GNI/DNIEl Paso a8 ALAMOSA
1.20 . L . 0.00 e DIFFUSE TRACK PLATE
01234567 8 9 10111213 012345678 910111213 El Paso

Month Month




Previous Analysis: Kurtz et at. 1990

Summary of data observed for all of the sites studied®

Site PPR Latitude Longitede Alitude # hours GNI DRI DRI Kt PPRET Annual T PPR  Annual
NI i () {mj} (kWh/ (kWh' GNI () () Wind  Wind -
-« \What is DNI
Alamosa, CO &75 375 1059 297 13,734 88 (¥ 0773 0638 161 51 1l 1% ~
Flagstaff, AZ £70 B0l 116 21335 10974 84 64 0762 0607 167 77 41 27 & f G N I
Prescolt, AZ 867 3465 1124 1531 11,980 8.7 0.8 0782 0627 28 1.7 4.1 36 i O r a
Cheyenne, WY 863 4115 1048 1872 10,205 7.3 5.2 0712 0562 178 16 6.2 58 =
Flko, NV £h3 083 1158 1547 10516 15 55 0733 0582 200 82 3l 27 =~
Ely, NV 861 3928 1149 1906 10309 81 60 0741 0608 182 70 41 43 > S RC P
Kahului, HI g6l 209 1564 15 11,952 80 58 0725 0577 282 4.2 28 [ = .
Daggett, CA 60 3487 1168 548 16,115 9.4 7.5 0801 0681 272 195 52 3l )
Cedar City, UT £33 77 1131 1762 11,078 83 [ 0747 0614 26 103 4.1 34 _;-
Winnemueea, NV £53 409 1178 1323 11,205 77 .6 0727 03596 212 0.5 41 3 =
Tonopah, NV w42 3807 17.1 1653 12,852 H6 6.7 0779 0638 M2 106 4.1 4.1 =
Tucson, AZ #51 3212 1109 7T 14,605 9.0 T.0 0778 0653 280 02 16 39 ] M e a n G N I
Reno, NV &40 195 119.8 1341 12,582 82 [ % 075 0621 X9 10.4 26 kR =
Rock Springs, WY 840 415 108.5 2056 10,319 1.6 54 0711 0587 183 59 5.2 48 2
Grand Junction, T 845 3912 1085 1475 12,475 80 50 0738 0616 233 11.7 i 35 g 2
Lewiston, MT £43 4705 109.5 1264 7483 64 44 0677 0541 150 iK 16 42 ) 1 0 0 0 + 2 5 W'
Tucumcan, NM 841 3518 1035.6 1231 12,266 k] 6.1 0735 0616 240 14.3 5.2 44 E —
Albuguerque, NM B36 3505 1066 1619 11,484 BE 6.7 0761 0658 222 13.4 16 4.1 T
Anchorage, AK Ri6 61.7 15000 15 2847 4.0 23 0575 0427 144 22 6 kA | o
Las Vegas, NV 834 3608 115.2 664 12804 9.1 7.1 0780 0675 267 19.5 16 4.4 o
Amarillo, TX £32 3523 1017 1008 11,518 79 58 073 0595 44 13.5 6,7 6.0 z
Bismarck, NID 827 .77 1008 502 9,602 [ 4.5 0682 0553 217 53 52 43 by AV M E D I A N
Lubbock, TX 825 3365 101.8 a8 11,191 19 57 0722 0594 258 15.6 6.2 56 T'J
Fl Paso, TX 821 kS 106.4 1194 14,476 59 6.7 0753 0656 267 7.3 i 34 =
Abilene, TX 821 3243 99.7 534 11,190 7.7 5.5 0714 0584 272 181 57 50 = _2
Wichita Falls, TX 821 33907 95.5 314 10973 74 52 0703 0572 274 17.2 6.2 52 m
Midland, TX &19 3103 1022 871 10914 81 i 072 0610 278 174 6.2 Al
Santa Maria, CA £18 349 1205 T2 16,733 78 57 0731 0610 194 14.1 52 12
San Angelo, TX £17 3137 1005 582 11,191 1.7 35 0714 0584 283 18.3 52 46 "
Sacramento, CA g4 3852 121.5 8 13,662 16 5.5 0724 0606 254 160 36 iz
Phoenix, AL $14 3343 1120 1% 13,908 59 68 0764 0665 306 16 31 30
Bakersheld, CA K13 3542 1191 150 13,925 79 57 0722 0617 278 18,6 i 30
Henolulu, H1 g0 2133 1579 5 10,966 17 5.2 0675 0568 278 251 6.2 49
Fresno, CA il 1677 1197 100 14,548 18 5.6 0718 0622 272 174 il 29
Fort Worth, TX 806 1283 0708 164 11,188 73 48 6hT 05 270 156 5.2 49
Austin, TX 806 w03 977 189 0319 70 46 0657 0547 281 103 46 40
San Antonio, TX TEQ '] 9847 M2 09,984 70 45 0643 0554 289 M3 4.6 41
Mean K36 36,07 11258 931 1718 w6 237 14.1 45 41
Standard deviation 12 .54 146 711 2405 0047 44 59 14 09
Median £36 44 4.1

*PPR DNI = median DNI for GNI between 975 and 1025 W/m?; # hours = number of data points. GNI and DNI = the average daily energy [14.15], and
the DNIJGNI column shows their ratio; Kt is the global clearness index; PPR T and PPR Wind = median temperature and wind speed, respectively, for GNI
between 975 and 1025 W/m?. Annual T and Annual Wind = annual temperature and wind speed from the NSRDB [14,15].



Power rating — 850 or 1000 W/m?4?
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Example DNI Vs GNI ALL Hours ~ 120,000

Daggett CA 23161 DN vs GN 1961-1990
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Example DNI Vs GNI>800 Wm-2

Dagget 23161 DNI GNI>800 1961-1990 Phoenix AZ 23183 GN>E00
1200 T 1200 T

1000 1000

800 800
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Averages 36 Sites, 30 yr hourly GNI> 800 Wm-2

STATION Lat Long  AVGGNI>800 Stdev GNIAVG DNI GNI >800:V DNI GNI> GNI/DNI (GNI>V G/D GNI COUNT
Alamosa_CO 37.5 -105.8 956.94 82.05 874.75 115.83 1.11 0.11 57934
Flagstaff_AZ 35.1 -111.8 956.91 83.06 876.45 108.62 1.10 0.09 50947
Prescott_AZ 34.7 -112.5 955.27 81.19 870.39 107.92 1.11 0.10 56419
Elko_NV 40.8 -115.8 940.35 75.84 853.20 101.82 1.11 0.09 42136
Ely_NV 39.3 -114.9 958.01 82.76 868.63 116.97 1.12 0.13 49065 M e a n G N I
Daggett_CA 35.4 -119 959.86 77.04 864.55 101.02 1.12 0.11 67184
Cedar_City_UT 37.7 -113 949.10 79.31 856.71 108.39 1.12 0.11 50680
Winnemucca_NV  40.9 -117.8 944.09 76.03 849.57 101.24 1.12 0.10 44429 9 3 9 6 + 7 O
Tonopah_NV 38 -117.1 953.04 79.93 861.53 104.64 1.12 0.10 55544 " —
Tucson_AZ 321 -110.9 956.73 77.68 856.41 105.95 1.13 0.12 62831
Reno_NV 39.5 -119.8 947.04 76.40 850.84 98.45 1.12 0.10 50218
Rock_Springs_WY  41.5 -109 927.86 74.73 826.72 109.85 1.13 0.12 38236
Grand_Junction_(  39.1 -108.5 946.55 78.10 841.33 114.10 1.14 0.15 48786 M e a n D N I
Tucumcari_NM 35.2 -103.5 939.32 75.42 833.42 109.66 1.14 0.12 47069
Albuquerque_NN 35 -106.5 972.12 83.31 866.24 117.12 1.14 0.14 61065
Las_Vegas_NV 36.1 -115.2 963.55 81.77 853.26 105.54 1.14 0.14 63730 8 3 O 6 + 1 O O
Amarillo_TX 35.2 -101.7 934.41 72.50 829.96 105.01 1.14 0.11 47923 " —
Lubbock_TX 33.6 -101.8 933.98 72.99 823.50 107.88 1.15 0.12 47198
El_Paso_TX 31.8 -106.5 959.59 78.95 843.60 113.65 1.15 0.16 60792
Abilene_TX 32.5 -99.8 931.70 71.50 812.27 109.19 1.16 0.13 45168
Midland_TX 31.9 -102.2 947.56 76.42 830.11 116.65 1.16 0.15 51542
Santa_Maria_CA 34.9 -120.5 935.33 68.42 814.10 91.70 1.16 0.11 50523
San_Angelo_TX 31.4 -100.5 933.04 72.03 813.77 109.71 1.16 0.13 45630
Sacramento_CA 38.5 -121.5 929.26 69.07 804.46 86.51 1.16 0.10 44286
Phoenix_AZ 33.5 -112 955.11 78.27 832.80 102.04 1.16 0.13 61909
Bakersfield_CA 355 -119 935.99 71.93 808.45 90.80 1.17 0.10 47259
Fresno_CA 46.6 -119.8 935.14 71.08 807.41 92.30 1.17 0.12 46850
Kahului_HI 20.9 -156.5 910.09 62.11 802.94 95.05 1.14 0.10 44970
Wichita_Falls_TX  33.9 -98.5 922.91 68.56 801.22 107.14 1.17 0.13 41522
Honolulu_HI 21.3 -157.9 905.50 63.44 758.18 105.06 1.21 0.15 36966
Fort_Worth_TX 32.8 -97.1 926.24 69.38 789.85 120.03 1.20 0.17 39765
Cheyenne_WY 41.2 -104.8 927.11 71.68 837.23 101.14 1.12 0.10 38131
San_Antonio_TX 29.5 -98.5 926.76 70.33 776.17 127.49 1.22 0.19 37249
Bismarck_ND 46.3 -100.8 914.89 65.22 806.72 96.15 1.15 0.12 31778
Austin_TX 30.3 -97.7 923.59 69.85 786.33 117.60 1.19 0.15 37194
Lewiston_MT 47 -109.5 911.32 66.28 818.68 93.57 1.12 0.09 27507
Average 939.62 830.60



Summary GNI> 800 Wm-2
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ASTM G 173 AND ISO REF SPECTRAL STD :
Global “Tilt = 37°” = 1000 Wm

DNI for same conditions = 900 Wm~2

1.75

— Global tilt W*m-2*nm-1 Total
1000.3 W.m-2

— Direct+circumsolar W*m-2*nm-1
Total 900.0 W.m-2

| “ur'\ o

1000 1250 1500 1750 2000 2250 2500

Wavelength nm

|

025 {—{




MEASUREMENTS Uncertainty MODELS

lJmod (i%)

Umeas (i%) . . . :
. - Model Glo/Dif RMS Glo/Dif MBE | Dir RMS Dir MBE
Clobal Direct Diffuse (Umod) (Ubias) (Umod) (Ubias)

METSTAT 8 2 15 4
1 SUNY 5 0 14 1
U.,q Satellite (%)

2 2 2\ 1/2 (40
+ Umod + Ublas ) +/°

Uopt meas

Condition Additional
Uncertainty
Time shifting 2
Uopt (i%) Ground snow cover 5
High latitude 10
Model Glo/Dif
o
verstar 1o U,4q METSTAT (£%)
SUNY 8 Condition Additional Uncertainty
Short- and med-termfilling 4
Long-term filling 14
Cloud probability derivation 4
Cloud probability nearby site 4

ASOS-only 22
- 2 2 2 \1/2 (4.0
Ugs = (Ugpt © + Uyggr”® + Uggga” ---)" (%)
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Sanity Check: Other Methods:

DIRECT Meteonorm

Source: Meteonorm 6.0 (www.meteonorm.com); uncertainty 15%
Period: 1981 - 2000; grid cell size: 1°

Yearly sum of direct normal irradiance

2'500 kWh / m2

2'000

1'500

1'000

- METEONORM
- Global Meteorclogics| Oatabase for Enginsers, Plannses and Education
METEONORM 6.1 - Edition 2009 k
jrsian 5.1 of METEGNORM was rebeased on Decembar 16th 2005 incluing the follomng improvements.
5 st zatch e potch 6.0.2.5)
frisndly mas
ressision seal dete (oes maze)

Source; Meteonorm 6.0 (www.meteonomm.com); uncertainty 15%
Period: 1981 - 2000; grid cell size: 1°

, Renswable
re and Farestry, Environmental Ressarch,

M flxer (pef, 1.1 ME)
I license versions or you can order sagle datasets,
time serie ‘maps

» orices / orde
News
> 2009-01-22 all measurement stations of the METEONORM 6.1 databass in  gaogls
map

30:15 patch 6.0.2.5 for METEONORM 5.0 auailsble
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Analysis 6 Solar Databases Europe

Suri1, et al., “First Steps in the Cross-Comparison of Solar Resource
Spatial Products in Europe” Proceeding of the EUROSUN 2008,

o HelioClim-2 Mean bias difference; Yearly sum of global horizontal irradiation
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Fig. 3. Yearly sum of global horizontal irradiation — differences of the values from 6 databases relative to the
overall average. First 15 points represent areas with higher agreement between databases; the other 22 points
are randomly selected in areas where the difference between the databases 1s higher.
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European PVGIS Uncertainty

Suri et al., “Geographic Aspects of Photovoltaics in Europe: Contribution of
the PVGIS Website” IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH
OBSERVATIONS AND REMOTE SENSING, VOL. 1, NO. 1, MARCH 2008

—the estimate of vearly global
wcaciation for 90% of station locations falls within

STOT margin, and. seatians (3.5% of all
Zuncertainty 1s(higher than + /10

Stations
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PV system monitoring vs satellite
based solar maps

A. Drews et al., “Quality of performance assessment of PV plants
based on irradiation maps”, Solar Energy 82 (2008) 1067-1075

Modeled and measured annual yield of the 10 systems under inspection

Location Modeled yield Measured yield elativ
(KWh/kW) (KWh/kW) error (%)

Borna 928 QOR —7.0
Seilfennersdorl’ 926 930 —0.4
Starbach 042 930 1.3
Hartha 976 957 1.9
Zwickau 906 957 —5.3
Plauen 921 830 8.4
Berzdorf 1040 964 |5 to +8 % 7.9
Freiberg 906 977 —7.3
Mitiweilda 912 058 —4.7
Drresden D66 9R9 —2.3
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Sample Results: European
Benchmarking Satellite vs Ground
(IEA Task 36)

Station [C;‘A';'I:z‘; nov | R? |Bias%|RMSD%|KSI® R{I“I' r::; nov | R? | Bias% |RMSD%|KS1%
Camborne (BSRN, 2001-2003) 238.5] 10815 0.95| -1.01%| 29.77% 262.5| 7655| 0.83| -0.52%]| 60.98% 0
Carpentras (BSRN, 2000) 345.8| 5618 0.98] 2.82%| 18.55% 482.4] 4779 0.9 2.66%| 31.41% 0
DeAar (BSRN, 2001-2003) 501.5| 9168 0.97| 3.44%)| 16.76% 673.9] 8469 09 0.89%| 23.80% 0
Geneva (IDMP, 2002-2003) 300.9] 6560 0.95] 7.74%| 29.37% 372.9 5384| 0.84] 7.52%| 52.58% 0
Lerwick (BSRN, 2001-2003) 1741 12112 0.93[ -1.72%| 38.64% 187.2] 7082 0.68[ -9.43%| 92.72% 0
Payerne (BSRN, 2000-2003) 383.6| 11139] 0.96| 0.66%| 18.84% 4283 9886| 0.87] -3.33%)| 36.88% 0
SedeBoger (BSRN, 2003 - 2005) 561.5| 10048 0.98] 4.64%| 12.96% 607.2| 9934| 0.78] -2.50%| 30.37% 0
SolarVillage (BSRN, 2000 - 2002) 574 11640| 0.98| -0.02%| 10.84% 578.1| 11418| 0.81] -0.37%| 31.09%
all 387.3[77100] 0.97] 1.93%| 18.79% 467.8| 64607| 0.87] -0.73%)| 36.83%

Time scale | RMSD GHI % R? RMSD DNI %

hour 18.79% 36.83%

day 11.08% 23.58%

month 4.95% 9.69%

year 3.66% 4.92%

# Deutsches Zentrum
DLR [:&Ur Luft- und Raumfahrt e/

emeinschaft

Currant Status of MESOR Banchmarking — Carsten Hover-iick— Manch 17th 2005 - IEA Task 36 SolarResource Ma

Current Status of MESOR Benchmarking — Carsten Hoyer-Klick — March 17th 2009 — IEA Task 36 Solar Resource Management



SUMMARY

= Measured data SPARSE and EPISODIC

» Specialized Measured Data available

» Measured-Model broadband difference patterns ~ 10% - 15% Typical

= Uncertainty Function of Site, INPUT data and REFERENCE DATA uncertainties
»Data Sources PROLIFERATING; benchmarking is a RESEARCH project !!

=International Energy Agency Task 36 on Solar Radiation Knowledge
Management http://www.iea-shc.org/task36/index.html

=U.S. Satellite (SUNY) Uncertainty comparable European Estimates (state of the art)
NOTE: MODELS CONTINUOUSLY EVOLVING!

Measurements AND models: Similar Uncertainty Limits:
5% - 10% Global Month Mean Daily Total
10%- 15% Direct Month Mean Daily Total

Statistics help, but this is essentially WEATHER data!

Rating Conditions: DNI ~ 900 W/m? appropriate compromise with GNI,
Flat Plate ~ 1000, and DNI Reference spectrum
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