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1. Executive Summary

In September 2017,two SolarSIM-G/GUV reference units (RUs) (SN1010 and SN1011)nderwent

calibration and performance validation a t NRELd&ds Sol ar Radi ation Rese
SolarSIM RUs were calibrated ors u n , against NUR/EBhebtraradioraeters.rUd/-n ¢ e
A/B/T, PAR and GHImeasurementaccur acy was then analysed over

reference UV sensors,pyranometers and PAR sensors

UV-Total measurements were shownto be comp ar ab |l e t of relfRicd sersorsUwth

mean biases of ~0.2 W/m? and RMSE 0of0.72 & 0.76 W/m? observed from over 10,000 data

points analyzed.

UV-Ameasurements were shown to HAeaefecmcengemsora withe t o N
mean biases of -0.07 8 0.26 W/m? and RMSE 0f0.61 8 1.98 W/m? observed from over 10,000

data points analyzed.

UV-Bmeasur ement s were shown t o {Baefeencengemsora withe t o N
mean biases of -0.07 8 0.02 W/m? and RMSE 0f0.05 8 0.07 W/m? observed from over 10,000

data points analyzed.

Broadband GHI measurement accuracy was shown to be within secondary standard limits with a
mean bias of 0.973 1.23 W/m? and RMSE of 5.273 5.65 W/m? for 10,665 data points analyzed.

Photosynthetic Photon Flux Density (PPFD) measuremergtwere shown to be highly comparable
to NREL®s r ef er e naneaniashflessetms Dnmol/s/mi observed from over
10,000 data points analyzed.

Overall, the test results serve as an important validation of the SolarSIMGUV as a highly
accurate and reliable sensor for measuringUV-T/A/B/E, global irradiance and PAR.

Total UV comparison on October 01, 2017 at SSRL
Kipp, CUV4 Eppley, TUVR

_UV Comparison (280-400 nm) (Sep. 20 to Oct. 6, 2017)
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Mean bias = -0.21 W/m?
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Figurel. Scatter plot of UM data obtained from the SolaMsRUs plotted against NREé&ference UV
sensordLHSpNd U\LT dataobtained from the SolarSIM&  O2 YLIJr NBR (2 bw9[ Qa /! =n
sensors for T October 2017.
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2. Introduction

In September 2017, Spectrafy delivered two SolarSIM-G/GUV reference units (RUs) (SN1010 and
SN1011)to the Solar Radiation Research Laboratory (SRRL) at the National Renewable Energy
Laboratory (NREL) forcalibration and evaluation (see Figure 2. The evaluation period covered
September 18 d October 6, 2017. The purpose of the tests was to:

1. Calibrate the SolarSIMG/GUV RUs against NREL 6secondary standard
spectroradiometers,

2. Validate the SolarSIMGUVs 6 -Tatdl, UV-A, UV-B, UMVE, GHI and PARmeasurement
accuracy a g atiefarente UW Rsé&nkodss pyranometers and PAR sensors,
respectively.

Figure 2. The SolarSIMG/GUV reference units in operation at NREL's Solar Radiation Research
Laboratory, October 2017.

3. SolarSIM-G UV overview

The SolarSIMGUV uses silicon and InGaAS photodiodescoupled with hard-coated bandpass
filters to make precise measurements of the solar spectrum in nine narrow wavelength bands, in
addition to measuring ambient temperature, pressure and relative humidity. The SolarSIM
GUVG s s o thénwaes these measurements, to accuratelyresolve the global solar spectral
irradiance over the complete 280-4000 nm wavelength range, under all sky conditions.
Broadband and partial band (i.e. GHI, UMT, UV-A, UV-B, PAR)global irradiances are then
obtained by integrating the spectra within the relevant wavelength range: 280 -400nm for UV-T,
315-400nm for UV-A, 280-315nm for UV-B, 280-4000nm for GHI and 400-700nm for PAR.
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4. SolarSIM-G UV Specifications

Irradiance

LY I ] = | RPN 802400 nm
LU PP SP PP 3450 nm
uv-B . . veeereennn280-315NmM
L S .per IEC 17166
Y PP =700.400
LT ST POPRTSPPRIO -400280n
Spectral responseéééééeécéeécséeéeéeemamueniedteidayratéddrém spectra/ a
RESPONSETIME (95%0) ...t iuiteiee et ittt et e ettt e e e st e e e e et e e e e s s tateeeeassstaeaeesateeeeesanssss s smmmmm e emmmmmmneememmmmmenn oo e e o <0.5s
DireCtioNal RESPONSE. ........vvmmmmervrerieeieteeeeeeee s ssitarrre s e reeeae e e s e e ssrnrnreeeeeeeeeeeeeeensmeeneennnnnmeech 320, A1 80° ZENILH

Non-stabilityé é 6 é 6 66 e EEEéeeé ik ccececececececeecromryeec

LI L0 T T L= SRS 0.5%
Temperature RESPONSE.........cc.uuviiiiiiieieeeeeeecercnner e e e e e aaeaeemnarineee e <0.1% (on-board temperature correction)
Calibration UNCEITAINTY........coiiiiiiiieieie e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaeeeanaaeaaeeaeseessenmmmmm———e 1.1%

= D= (ot 81340 oI = L= SRS 0.5 Hz
General

KA L= o | USSP 1.kg....... 1.
[T 1T 1S3 o T P PEERRR T 32x.132x.108 Inm
POWET SUPPIY BNG USE....iiiiiiee ittt ettt e s et e e e s eane e e e e s s mmne e e e ennee s 12 VvDCW
Communication.........ce...u..... RS 485 ASCII, R$A85 Modbus, direct to PC,serial over ethernet or data logger

Operating TEMPETAIUIE. ... ...ciuuieiiiie ittt eememmmmms et et ee et e et e e e e abe e e verreeneennn30.10 65 °C
HUMIAILY RANQE.....iiiiiiiiiiiiis et e e et et et e eeeetteeeeeaeeeeeeeeeeeeeeeeeeessssssssssssssssssssssnnns s mmmmmmmmmmmnmnnnn e eeeee- 0 100 %0 RH
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5. Calibration

Calibration of the SolarSIM RUs was performed on-sun, against N R E L feference
spectroradiometers (1 x EKO WISER (MS711/MS712) and x Licor-1800) in the global normal
orientation, mounted on STR-32G trackers asshown in

Figure 3. The calibration was performed in the global normal orientation to minimize any cosine
errors.

The calibration took place on the 18™ and 20" of September, between 10:00 and 14:00 MST
under clear-sky conditions. During the calibration process, the irradiances measured in the
SolarSIMs @ine optical channels were calibrated for absolute irradiance against the reference
spectroradiometers.

Figure 3. Calibration setup with the SolarSIM RUs and Licor 1800 spectroradiometer
(background) and the EKO WISER (MS711/MS712) spectroradiometersqreground ).

After the calibration, the global normal spectral irradiance resolved by the reference
spectroradiometers and the SolarSIMRUswere compared, as shown in Figure 4. As expected,
the spectral irradiance from the SolarSIM RUs matches the data from the reference
spectroradiometers very well.
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September 20, 2017 11:00 MST
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Figure 4. Spectral global normal irradiance as measured by the WISER, Licorl800, and the
SolarSIMRUs at 11:00 MST on September 20, 2017.To aid comparison, the spectra obtained
from the SolarSIMs have beensmoothed with 5 nm central averaging to approximate the lower
measurement resolution of the reference spectroradiometers.
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6. UV-Total measurement performance

The ability of the SolarSIM-GUV to accurately resolve UV Total solar irradiance (UV-T) was
compar ed agactCuvd and NWR/R WETssensors. The SolarSIMGUVS $JV-T data is
obtained directly from the wavelength integral of its spectral irradiance data between 280-
400nm.

Figure 5 presents the daily UV-T profiles asmeasured by the SolarSIM-G/ GUV RUs, for the T* of

October, with 1-minutet i me resol uti on. N R ETldétasis addplotedtomd T UV R L
comparison. As shown, the SolarSIM RUs provide UVT data that is highly comparable to the

CUV4 and TUVR.

Total UV comparison on October 01, 2017 at SSRL
—— Kipp, CUV4 Eppley, TUVR SolarSIM-G SN1010 SolarSIM-G SN1011
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Figure 5. UV Total data obtained from the SolarSIMG/GUV RUs, comparedto NREGb s CUV4 and
TUVR sensors fotthe 1% October 2017.

A broader comparison is shown in Figures 6, which present comparative scatterplots for over
two weeks of SN1010 UMT dat a v er s ubsandNIR¥Rddtes AsGhdwn, the SolarSIM
GUV produces highly comparable UV-T data under all sunlight conditions. Root mean square
errors (RMSE)of approximately +0.7 W/m? were achieved with over 10,000 data points analyzed.
Slope values of .9818 and 0.9830 were observed versus the CUV4 and TUVR respectively.
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O UV Comparison (280-400 nm) (Sep. 20 to Oct. 6, 2017) O UV Comparison (280-400 nm) (Sep. 20 to Oct. 6, 2017)
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Data points = 10665
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Figure 6. Scatter plots of the UV-T data obtained from the SolarSIM RU (SN1010 plotted

against N-R&HdWWRWAN\Yata for the period 20" September to 6™ October 2017.
Over 10,000 data pointswere analyzed.
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7. UV-A measurement performance

The ability of the SolarSIM-GUV to accurately resolve UVA solar irradiance (UVA) was
compared agaMBOSA-A aRREBIVD BWV-A sensors and against the 315400nm
integral f NRELO&6s MS711 s p letSolaaIMGVEosmalddears.obtained directly
from the wavelength integral of its spectral irradiance data between 315-400nm.

Figure 7 presents the daily UV-A profiles as measured by the SolarSIM RUSs, for the £' of
October,with1-mi nut e ti me r eSUA and MEDDA:-A diNeREalsd Eotted for
comparison. As shown, the SolarSIMRUs provide UV A data that is highly comparable to the
SUVA and M501A-A.

UVA comparison on October 01, 2017 at SSRL
\— Kipp, SUV-A EKO, M501A-A SolarSIM-G SN1010 SolarSIM-G SN1011
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Figure 7. UV-A data obtained from the SolarSIMRUs, compared to NREIS M501A-A and SUVA

sensors forthe 1% October 2017. Note the zero offset in the SUV-A data.

A broader comparison is shown in Figures 8, which present comparative scatterplots for over
two weeks of SN1010 UMAd at a Vv er sM581ANRBEA addsMS711 data. As shown, the
SolarSIMGUV produces highly comparable UV-A data under all sunlight conditions. Root mean
square errors (RMSE)of approximately +0.6 8 1.98 W/m? were observed with over 10,000 data
points analyzed. Slope values of .9790 § 0.9931 were observed.
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Solar Ligt

Figure 8. Scatter plots of the UV-A data obtained from the SolarSIM RU (SN1010) plotted
agai nst MSRIRKhpdes), SUV-A (top right) and MS711 (bottom left) for the period 20"
September to 6™ October 2017. Over 10,000 data points were analyzed. Note that the SUV-A
suffered from a non-zero offset during the measurement period.
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