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Findings From NLR’s SUNI Application Across 89 Stations

o National
Laboratory
‘ of the Rockies

Aron Habte,' Manajit Sengupta,’ Sora Ryu,'! Stephen Wilcox,? and Thomas Stoffel?
National Laboratory of the Rockies, Golden, Colorado, U.S.A.

2Solar Resource Solutions LLC, Louisville, Colorado, U.S.A.

Abstract Application and Key Findings

< Accurate solar irradiance data are essential for assessing the feasibility and “* SUNI does not operate in isolation. Its accuracy heavily depends on a data quality assessment tool—
NLR’s SERI QC.

“» SUNI transforms data quality flags into quantitative uncertainty, enabling a continuous and physically consistent
assessment of solar measurement reliability.

performance of solar energy systems.

¢ Despite high standards in networks such as the Baseline Surface Radiation
Network (BSRN), Atmospheric Radiation Measurement (ARM), and Solar | | | -
Radiation Research Laboratory (SRRL), data reliability is often compromised by » Data quality screening =» Flagging and filtering = SUNI process

radiometer types, environmental factors, and maintenance gaps. Data Quality Screening Using NLR’s SERI QC and ARM’s QCRAD ** The study employed the
Methods BSRN’s QCRAD quality

control method (Figs. 2—4).

*» Unquantified uncertainties lead to financial and operational risks in solar energy
projects that depend on such solar resource assessments.

- %+ These figures show unfiltered,
SERI QC and QCRAD-filtered

“* The Solar Uncertainty Integrator (SUNI) is a Python-based tool that quantifies

measurement uncertainty for global horizontal irradiance (GHI), direct normal o | TN |
irradiance (DNI), and diffuse horizontal irradiance (DHI) according to the BSRN.Dedert NER S°'a"L':§:::tt'§3Resear°h - data for comparison.
international Guide to the Expression of Uncertainty in Measurement (GUM). e T I = —— .
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¢ It accounts for both hardware performance (radiometer specs) and site-specific

ik | | I onand off in the analysis to
operational conditions. f E— VR I— ~

SERRRNE = ascertain the impact on the
BSRN Palaiseq station (PAL) i:: uncertainty results (Figs. 3—4).
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*» It has demonstrated efficacy using high-frequency (1-minute) data sampled
from 80+ global stations. Figure 2 Example of fllterlng data using data quality assessment tools
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Figure 1. Flowchart of the SUNI process service provider under strictly =F L5 =T
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. . . L . \ . Figure 4. lllustration of the uncertainty analysis results for a few sites as a function of
installation, maintenance, and weather, and it is calculated by checking the il v y andy
internal consistency of the GHI, DNI, and DHI measurements. T | ,

« Inputs: GHI, DNI, and DHI stk A i LS s | s | P et P P
0 Sy o | ARM_ | BRS | 445 | 250 | 546 | 349 | 143 | 440
. . - » » . BSRN 3.44 2.01 5.75 2.90 1.31 5.34 328 157 549
< Quality control + consistency checks  SUNI is publicly available at: Figure 3. Uncertainty analysis result for all sites ———————————
https://github.Com/NatLabROCkieS/SU N I ] SRRL SRRL—1 3.16 1.67 2.99 2.89 1.36 2.79 3.03 1.47 2.82
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*» The SUNI study was developed by NLR to provide a standardized “bulk uncertainty processing” method for solar irradiance data, which is essential for
the successful deployment of solar energy systems.
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»  SUNI calculates uncertainty based on:

Data from 89 stations were analyzed using > Radiometer measurement performance and calibrations
SUNI: » Detected environmental effects
** National Laboratory of the Rockies (NLR) »  General operational uncertainties
SRRL
. _ _ , < SUNI assumes “best practices” in station design and maintenance. It is not designed to provide accurate estimates for data from poorly maintained or
< World Meteorological Organization improperly installed measurement stations.
(WMO) BSRN
*» Testing at well-maintained sites shows that almost all measurable uncertainty at these stations is directly attributable to the radiometers themselves.
“* U.S. Department of Energy (DOE) ARM
network *» The tool is available as a stand-alone application for Windows and Mac or as a Python package for integration into other software.
* It has been successfully used to estimate long-term uncertainty for major networks, including the NLR SRRL, the DOE ARM, and the WMO BSRN.
L (=) ﬁ * It is one of two candidate software tools to be implemented for the BSRN network.
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