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Abstract

» Recently NREL in collaboration with other stakeholders within ASTM Radiometry subcommittee revised and published ASTM G173 - Standard Tables for Reference Solar Spectral Irradiances:
Direct Normal and Hemispherical on 37° Tilted Surface.

* This standard is widely used by the solar industry for many applications such as, establishing reference spectral irradiance distributions.

* Revised G173 standard includes recent advancements in science and knowledge and contains new tables and figures based on the Simple Model of the Atmospheric Radiative Transfer of
Sunshine (SMARTS) software, which was recently updated. The most recent SMARTS version (v2.9.9) includes significant improvements over SMARTS v2.9.2, which was used to define the
reference spectra in the older G173 standard, initially established in 2003.

« Some stakeholders have requested usage of the older version of the standard because historically, the performance of PV technology improvements are demonstrated by standardized
performance measurements under standard reference conditions that include a tabulated reference spectrum of the older version of G173.

* The poster shows the possible solution that would keep the older tables in a new standard specifically established for usage in demonstrating PV technology improvements.

Current Status

Overview of ASTM G173: Reference Spectra

Subcommittee G03.09 on Radiometry

- N G173, G177, G197 (2002 ET spectrum) ASTM G03.09 adopted the revised G173:2023 standard which includes recent advancement in science and
2002 | SMARTS 2.9.2 /) Adjunct standard contains new tables and figures based on the SMARTS v2.9.9.
« Some of the benefits of adopting this new G173 standard include:

&
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T~ Old ET spectrum, old solar constant o The new spectra can be more accurately validated/verified using high-end spectral measurements at
Significant changes in diffuse algorithm laboratories around the world. In other words, the new ET spectrum and SMARTS version have
eliminated some sources of discrepancy and systematic errors.
o The new spectra can be directly harmonized with the new ASTM E490-22: Standard Solar Constant
Revised solar constant (Gueymard, 2004) and Zero Air Mass Solar Spectral Irradiance Tables, for the first time in history.

2005 [ SMARTS 2.9.5V — Revised ET spectrum (Gueymard, 2004)

/

2022 [SMARTS 2.9.9 — New ET spectrum (Gueymard, 2018) Subcommittee E44.09 on Photovoltaic Electric Power Conversion and Application of ASTM G173
 ASTM E927: Standard Classification for Solar Simulators for
Electrical Performance Testing of Photovoltaic Devices.

Small changes in algorithms
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New solar constant (Gueymard, 2018)

Best Research-Cell Efficiencies

* Previous version of ASTM G173 was based on SMARTS: v2.9.2 (2002) il ?????? = * ASTM E973: Standard Test Method for Determination of the
- Subsequent versions of SMARTS: v2.9.5 (2005), SMARTS: v2.9.9 (2022) | BT Spectral Mismatch Parameter Between a Photovoltaic Device
* Revised ASTM G173 standards based on SMARTS: v2.9.9 and a Photovoitaic Reference Cell.

: * ASTM E1036: Standard Test Methods for Electrical
. Performance of Nonconcentrator Terrestrial Photovoltaic
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Broadband irradiances are affected only P — e e L Primary Non-Concentrator Terrestrial Photovoltaic Reference
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SMARTS: 2.9.9 is consistently more accurate when compared to measurements in a new standard under E44.09. This maintains Modules
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o Updated solar constant: Based on a 42-year time series of recalibrated

irradiance data, revised solar constant is now 1361.1 W/m?Z.
e Revised Extraterrestrial (ET) Spectrum: Based on a recalibration and merging of * Harmonize the historical (ASTM G173-03) and present (ASTM G173-23) solar reference spectrum to

various sources of spaceborne ET observations. This affects the UV and visible minimize user impact while maintain scientific advancement.

spectral bands. * The 'historical’ hemispherical standard spectra will be included as a new standard within E44.09 to
provide continuity between past, current, and future work.

* Work with other international standardization groups is needed to include the changes in G173-23.

o Updated atmospheric interactions with UV: Various improvements in the
spectral calculations of atmospheric effects in the UV
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