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Executive Summary 
The National Renewable Energy Laboratory (NREL)-Solar Radiation Research Laboratory 
(SRRL) has been in continuous operation since 1981, with an objective to collect and use high-
quality solar radiation data sets for research leading to the widespread adoption of solar 
technologies. Using International Organization for Standardization-accredited methodologies, 
the NREL-SRRL maintains a varied and extensive array of solar monitoring equipment to test, 
evaluate, and characterize the solar sensors used by federal and international agencies as well as 
the solar industry to determine the solar resource. To appropriately populate and track the diverse 
array of instruments at the SRRL, NREL has established a Standard Operating Procedure (SOP) 
for optimal deployment within the SRRL for both the Baseline Measurement System (BMS) and 
the Research Measurement System (RMS). Based on the SOP, instruments are annually 
evaluated for continued deployment. Instruments that do not meet the SOP criteria are 
decommissioned, and new instruments that meet the criteria are deployed.  

Therefore, streamlining and optimizing the use of this facility ensures that the lab continues to be 
a world-leading solar calibration and measurement facility. The SOP provides the industry with 
guidance for solar resource assessment and is used for procedures in the long-term continuous 
monitoring of historic instruments alongside state-of-the-art instruments.  

This SOP updates the previous version published in May 2023: 

Habte, Aron, Manajit Sengupta, and Afshin Andreas. 2023. Standard Operating Procedure for 
Optimal Deployment of Meteorological Instrumentation Within the Solar Radiation Research 
Laboratory (BMS and RMS SOP). Golden, CO: National Renewable Energy Laboratory. 
NREL/TP-5D00-85645. https://www.nrel.gov/docs/fy23osti/85645.pdf. 

https://www.nrel.gov/docs/fy23osti/85645.pdf
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1 Introduction 
The Solar Radiation Research Laboratory (SRRL) is located on the top of South Table Mountain 
on the north side of the National Renewable Energy Laboratory’s (NREL’s) campus in Golden, 
Colorado (Figure 1), where it has excellent solar access because of its unrestricted view of the 
horizon from sunrise until sunset throughout the year. The NREL-SRRL is home to the world’s 
largest collection of radiometers in continuous operation and has measurements dating back to 
1981. The NREL-SRRL houses both solar resource assessment activities and campus-wide 
metrology services. 

The NREL-SRRL has served as the U.S. Department of Energy’s (DOE’s) lead laboratory for 
radiometer calibrations traceable to the World Radiometric Reference (WRR), which is essential 
for obtaining accurate measurements and to support DOE’s goals of reducing the costs of solar 
energy deployment and integration and improving the accuracy of climate models. Working with 
the World Radiation Center, in Davos, Switzerland, the NREL-SRRL team participates in the 
quinquennial International Pyrheliometer Comparisons to maintain the WRR. In turn, annual 
NREL Pyrheliometer Comparisons provide stakeholders with access to the WRR. Using WRR 
working standard absolute cavity radiometers, the NREL-SRRL team developed a unique 
Broadband Outdoor Radiometer Calibration (BORCAL) method for calibrating pyrheliometers 
and pyranometers for field measurements. The NREL-SRRL annually calibrates, on average, 
more than 150 radiometers for NREL, academia, industry, and federal agencies. The BORCAL 
process is an International Organization for Standardization (ISO) 17025-accredited method, 
which is essential for the other ISO-accredited measurement programs at NREL that address 
photovoltaic (PV) performance. Moreover, the availability of world-class continuous 
measurements of solar radiation and meteorological parameters from the NREL-SRRL through 
the Baseline Measurement System (BMS) and the Research Measurement System (RMS) 
enables research-and-development (R&D) activities in support of the DOE Office of Energy 
Efficiency and Renewable Energy (EERE) Solar Energy Technologies Office (SETO), the DOE 
Office of Science, and other researchers and industry. Both the BMS and the RMS are equipped 
with solar irradiance and a variety of meteorological sensors required for solar research. 

Researchers at the NREL-SRRL conduct R&D in applied solar radiation measurements and 
operate a suite of instruments for solar irradiance, meteorological measurements, and solar-
specific instrument calibrations. Solar resource assessment research activities related to solar 
instrumentation and measurement at the NREL-SRRL are funded by the DOE EERE SETO PV 
program, the DOE Office of Science Atmospheric Radiation Measurement (ARM) program, 
various agreements such as technical service agreements, and NREL indirect funds through the 
metrology task.  
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Figure 1. Aerial view of the NREL-SRRL mesa-top facility 

The NREL-SRRL hosts a BMS and an RMS that provide real-time, high-quality baseline data 
using instruments from various manufacturers for research and standards development. The BMS 
data sets provide a unique capability for measurement and modeling research and for instrument 
development because of their completeness and quality.  

All radiometers in the BMS are calibrated using either BORCAL or NREL’s spectral calibration 
service. All meteorological instruments are calibrated in the NREL Metrology Laboratory 
(except wind sensors, which are replaced with new calibrated sensors from the manufacturer). 
The BMS and the RMS include more than 175 instruments that measure independent 
components of solar radiation and meteorological conditions.  

The collected data are widely used by researchers and industry, with approximately 5,000 unique 
users per month, and they provide the basis for the development of various international 
standards. The bibliography of this document shows publications released in the last 15 years 
that used NREL-SRRL data for their research and applications. Collaborative research with 
universities and industry conducted using the BMS helps reduce the cost and improve the 
accuracy of radiometric measurements. NREL also conducts active research on identifying 
sources of uncertainty in measurements and developing processes to reduce those uncertainties.  

Therefore, it is essential to develop a Standard Operating Procedure (SOP) for optimal 
deployment within the NREL-SRRL for both the BMS and the RMS. Based on the SOP, 
instruments are annually evaluated for continued deployment. Instruments that do not meet the 
SOP criteria are decommissioned, and new instruments that meet the criteria are deployed. 
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1.1 Purpose 
This document describes the regular and recurring operation procedures relevant to the 
deployment of instrumentation within the NREL-SRRL platform and serves as the guiding 
document for commissioning and decommissioning instruments for the optimal and efficient use 
of resources. 

1.2 Scope 
This SOP for the optimal use of the NREL-SRRL platform covers the commissioning and 
decommissioning process of all BMS instrumentation. The document provides a set of guidelines 
on how deploy instruments at the NREL-SRRL and assists NREL-SRRL personnel in the 
equipment commissioning and decommissioning process for the optimal use of the NREL-SRRL 
lab. 

1.3 Current Instrumentation 
Appendix tables A.1–A.11 describe the current instrumentation of the NRLE-SRRL as of March 
2023. 
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2 Measurement and Instrumentation Data Center 
The Measurement and Instrumentation Data Center (MIDC) is a platform that allows NREL to 
collect, store, and provide solar resource measurements and other meteorological/ancillary 
information to many stakeholders with a diverse set of needs. Through the MIDC’s web portal,1 
NREL disseminates—in near real time—quality-controlled, traceable measurements collected 
from the SRRL and other partner sites around the United States that take high-quality solar 
radiation measurements. All historical and near-real-time measurement data are available 
through the MIDC, which continues to be accessed by more than 100,000 users annually. The 
data and models available from the website support stakeholders by providing easy access to 
information for improving the quality and reducing the cost of solar projects. 

  

 
 
1 See https://www.nrel.gov/midc/. 

https://www.nrel.gov/midc/


5 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

3 Baseline Measurement System 
The BMS at the NREL-SRRL is an active R&D site for measurement, calibration, 
instrumentation, evaluation, model development, validation, and standards development. The 
BMS has been in continuous operation at the NREL-SRRL since 1981, with an objective to 
collect and use high-quality solar radiation data sets for research leading to the widespread 
adoption of solar technologies and for climate research.  

The BMS provides long-term reference data for use in DOE projects, for use in support of other 
activities at the NREL-SRRL, and for use by the broader industry and R&D community. (See 
Section 3.1 for details.) Publications related to some of these uses are listed in the bibliography 
of this document. 

Appendix tables A.1–A.11 enumerate the many types of radiometers, spectroradiometers, and 
meteorological instruments installed and deployed at the NREL-SRRL in the BMS and RMS. 

3.1 Baseline Measurement System Use Case Examples 
The availability of world-class continuous measurements of solar radiation and meteorological 
parameters from the BMS enables R&D in support of DOE activities. Some of these are 
summarized as follows: 

• Model development and validation: The NREL-SRRL BMS is one of the few sources 
of high-quality, long-term solar radiation data sets in the United States and probably the 
only source of a complete set of measurements for solar radiation modeling research. 
This includes the development and testing of industry standard models, such as the 
Simple Model of the Atmospheric Radiative Transfer of Sunshine (SMARTs), and the 
testing of the NREL Fast All-Sky Radiation Model for Solar Applications (FARMS). 
FARMS is further used to develop the National Solar Radiation Database (NSRDB) as 
part of the NSRDB project funded by SETO. 

• Standards development: The NREL-SRRL serves as a living laboratory that allows the 
experience gathered from operating instruments, developing standards, and testing 
models to be quickly and easily shared across the solar energy industry. This experience 
is shared through ASTM and ISO standards, conference presentations, technical reports, 
and journal articles. For example, data collected by the instruments are used as inputs to 
U.S. and international standards, such as ASTM E824 (Standard Test Method for 
Transfer of Calibration from Reference to Field Radiometers) and ASTM G183 
(Standard Practice for Field Use of Pyranometers, Pyrheliometers and UV Radiometers). 
The standards are essential for acquiring and maintaining traceable solar resource data 
sets for solar energy conversion applications. 

• Uncertainty quantification: The BMS system serves as a platform for best practices 
measurement, as a source of data for research, and is an important part of NREL-SRRL 
R&D. This includes research into sources of uncertainty in solar measurements, their 
quantification, and mitigation. Investigations of differences in outdoor and indoor 
calibrations as well as instrument degradation from long-term field deployment are also 
conducted..  

• Instrument characterization: New and improved instruments are deployed for 
validation and characterization against the BMS. The validation process provides an 



6 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

understanding of the quality of a new instrument compared to peers. The characterization 
process provides an understanding of the variability among instruments of the same make 
and model and essentially provides an understanding of the manufacturing quality. These 
tests are carried out in collaboration with manufacturers, including Kipp & Zonen, 
Hukseflux, EKO Instruments, Inc., and Eppley Laboratory, Inc. The data that are 
collected from these tests and published in reports allow the solar energy industry to 
understand the performance of sensors and make informed decisions regarding their 
deployment and the use of the data collected from those sensors. Collaborations with 
other entities, such as DLR (German Aerospace Agency) and Arable, and deployments, 
such as at the Solar Technology Acceleration Center (SolarTAC) and NREL’s Flatirons 
Campus, further support the testing of solar technologies and grid integration. 

• Metrology research: The development of new types of instrumentation, advances in 
measurement methods and techniques, and updates in measurement best practices 
resulting from the NREL-SRRL R&D form an essential part of regular updates to 
NREL’s Best Practices Handbook2 for solar measurement and modeling. Example 
chapters for these applications include Chapter 3 “Measuring Solar Radiation,” 4 
“Modeling Solar Radiation,” 5 “Relevant Meteorological Parameters,” and 7 “Solar 
Irradiance Uncertainty and Data Quality Assessment” (Sengupta et al. 2021).  

• Grid integration: Collected data are important to understand ramp rates of solar energy 
plants with large changes in the solar resource. These ramp rate events, which are 
typically associated with varying sky conditions, cause significant uncertainty in the 
dispatchability of power sources available for balancing generation and load.  

• PV research: The spectral data collected by the BMS through spectroradiometers are 
critical measurements for many solar energy projects, such as NREL’s PV cell and 
module performance project, which tests PV modules and cells under a known set of 
standard reporting conditions. Frequent spectral measurements are required for outdoor 
measurements to understand the varying spectral content of the solar resource. Spectral 
measurements are also required for indoor solar simulators because their spectrums can 
change over time as optics and lamps age. 

  

 
 
2 See https://www.nrel.gov/docs/fy21osti/77635.pdf.  

https://www.nrel.gov/docs/fy21osti/77635.pdf
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4 Research Measurement System 
The RMS is a separate data acquisition system that allows research devices to be deployed at the 
NREL-SRRL separate from the semipermanent instruments in the BMS. The RMS is used to 
support work for DOE programs over a short time period and to support cooperative R&D 
agreements, work for others (commercial work), and strategic partnership projects. The RMS 
employs the same data acquisition technology and maintenance protocols afforded the BMS 
instruments. This assures a standard of care that reduces unwanted variables when comparing 
RMS instruments with BMS instruments. 

Similar to the BMS data, RMS data are acquired and delivered to customers and the public 
through the MIDC. Although nearly all data are made publicly available, occasionally some data 
might be password-protected because of their proprietary nature. 
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5 Standard Operating Procedure for the Deployment 
of NREL-SRRL Instrumentation 

5.1 Regular Instrument Inventory Procedure 
The NREL-SRRL team maintains regular inventory of the SRRL BMS instrumentation, which is 
essential for consistency, replacement, commissioning, and decommissioning. Moreover, some 
instruments in the inventory list in appendix tables A.1–A.11 are essential for:  

• Expanding ISO 17025 and maintaining the existing ISO 17025 accreditation for 
BORCAL and spectral calibrations. Regular instrument inventory maintenance is 
essential to fulfil the mandatory ISO 17025 accreditation requirement of providing a list 
of laboratory equipment as the equipment applies to the accreditation. Similarly, having 
the instruments and maintaining the list is also important for the expansion of ISO 17025 
accreditation, for example, seeking longwave ISO 17025 accreditation. 

• Introducing and evaluating new instrumentation, such as digital irradiance sensors. 
• Decommissioning instrumentation that might be obsolete or is no longer used frequently 

by R&D organizations and industry. 

5.2 Selection of Instruments 
The selection of instruments to be deployed at the NREL-SRRL depends on a set of criteria and 
procedures. The details of the selection for each instrument type are described in sections 5.2.1–
5.2.6. In some cases, however, the NREL-SRRL team selects prototype instruments based on the 
potential applicability of the instrument to renewable energy applications and/or climate studies. 
This is accomplished through the NREL team and/or in collaboration with industry and 
government agency partners. Further, the selection process follows the use cases of instruments 
by the solar energy stakeholders and the DOE ARM climate research program. To accomplish 
the evaluation of each instrument, NREL team members will provide expertise in: 

• Metrology 
• Modeling 
• International standards 
• Instrument design and operational theory 
• Field solar measurement campaigns 
• Network operations 
• Data acquisition technologies 

5.2.1 Broadband Shortwave Radiometers 
The selection process follows a set of standards and protocols. The radiometers are traceable to 
the WRR (ISO 2018). An ISO 9060 classification is also a key standard in selecting radiometers 
for irradiance measurements based on a set of criteria. The NREL-SRRL team will not select 
instruments solely based on the best fit of the criteria below, but rather will attempt to include 
widely used and available radiometers that fall under each class within the ISO 9060 
classification (WMO 2018). Table 1 and Table 2 describe the classification criteria for 
pyranometers and pyrheliometers, respectively. 
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Table 1. ISO 9060:2018(E) Specification Summary for Pyranometers 

Pyranometer Classification List 

Specification 
Class of Pyranometer 

A B C 

Approximate Corresponding Class 
From ISO 9060:1990 

Secondary 
Standard First Class Second 

Class 

Response time for 95% response <10 s <20 s <30 s 

Zero offset: 
a) Response to -200-W/m2 net 
thermal radiation 
 
b) Response to 5-K h-1 change in 
ambient temperature 
 
c) Total zero offset, including the  
effects a), b), and other sources 

 
±7 W/m2 

 

 

±2 W/m2 
 
 

±10 W/m2 

 
±15 W/m2 

 
 

±4 W/m2 
 
 

±21 W/m2 

 
±30 W/m2 

 

 

±8 W/m2 
 
 

±41 W/m2 

Stability: Change in responsivity per 
year ±0.8% ±1.5% ±3% 

Linearity: Percentage deviation from 
the responsivity3 at 500 W/m2 because 
of change in irradiance from 100–1000 
W/m2 

±0.5% ±1% ±3% 

Directional response for beam radiation 
(range of errors caused by assuming 
that the normal incidence responsivity 
is valid for all directions when 
measuring, from any direction, a beam 
radiation that has a normal incidence 
irradiance of 1,000 W/m2) 

±10 W/m2 ±20 W/m2 ±30 W/m2 

Clear-sky global horizontal irradiance 
spectral error4 ±0.5% ±1% ±5% 

Temperature response: 
Deviation because of change in 
ambient temperature within the interval 
from -10°C–40°C relative to 20°C 

±1% ±2% ±4% 

Tilt response:  
Percentage deviation from the 
responsivity at 0° tilt because of tilt 
change from 0–180° at 1,000-W/m2 
irradiance 

±0.5% ±2% ±5% 

Additional signal-processing errors ±2 W/m2 ±5 W/m2 ±10 W/m2 
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Table 2. ISO 9060:2018 Specification Summary for Pyrheliometers Used to Measure Direct Normal 
Irradiance 

Pyrheliometer Classification List 

Parameter Name of Class, Acceptance Interval 

Name of Class AA A B C 

Approximate Corresponding 
Class From ISO 9060:1990 Not Defined 

Secondary 
Standard 

First Class Second 
Class 

Response time for 95% 
response No requirement <10 s <15 s <20 s 

Zero offset: 
a) Response to 5-K/h 
change in ambient 
temperature 
 
b) Complete zero offset, 
including the effect a) and 
other sources 

 
±0.1 W/m2 

 

 
 

±0.2 W/m2 

 
±1 W/m2 

 

 
 

±2 W/m2 

 
±3 W/m2 

 

 
 

±4 W/m2 

 
±6 W/m2 

 

 
 

±7 W/m2 

Stability: Percentage change in 
responsivity per year ±0.01% ±0.5% ±1% ±2% 

Linearity: Deviation from the 
responsivity at 500 W/m2 
because of change in irradiance 
from 100–1,000 W/m2 

±0.01% ±0.2% ±0.5% ±2% 

Clear-sky DNI spectral error ±0.01% ±0.2% ±1% ±2% 

Temperature response: 
Percentage deviation because 
of change in ambient 
temperature within interval from 
-10°C–40°C relative to 20°C 

±0.01% ±0.5% ±1% ±5% 

Tilt response: Percentage 
deviation from the responsivity 
from 0°–90° at 1,000-W/m2 
irradiance 

±0.01% ±0.2% ±0.5% ±2% 

Additional signal-processing 
errors ±0.1 W/m2 ±1 W/m2 ±5 W/m2 ±10 W/m2 

 
• The selection of these instruments is based on their applications: 

o Performance assessment of solar energy systems, such as PV and solar thermal 
systems, and mapping of solar energy resources 

 
 
3 Responsivity is usually expressed in microvolt per watt per square meter μV/(Wm−2 ). 
4 Details of spectral error can be found in ISO 9060:2018 Annex A. 
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o Other types of technologies and systems, such as agriculture, building efficiency, 
material degradation and reliability, climate, weather, and health. 

• The selection of these instruments is also based on: 
o Metrological traceability: According to the International Bureau of Weights and 

Measures (BIPM) International Vocabulary of Metrology (VIM), this is defined 
as the “property of a measurement result whereby the result can be related to a 
reference through a documented unbroken chain of calibrations, each contributing 
to the measurement uncertainty” (BIPM 2021). 

o Measurement uncertainty: According to the BIMP VIM, this is defined as the 
“parameter characterizing the dispersion of the values being attributed to a 
measurand, based on the information used” (BIPM 2021). 

o Instrument stability: According to the BIMP VIM, this is defined as the “property 
of a measuring instrument, whereby its metrological properties remain constant in 
time” (BIPM 2021). 

o Availability in the market: whether the instrument is readily available or not, 
prototype or obsolete.  

Note: These selection and application criteria also apply to sections 5.2.2–5.2.6 of this report.  

5.2.2 Longwave Radiometers 
Selected pyrgeometers are traceable to the World Infrared Standard Group (WISG). The 
broadband longwave irradiance ranges from 4,000 nm to 50,000 nm, which is important to 
understand the total energy of the earth surface longwave irradiance, which is also important for 
correcting the thermal offset of broadband shortwave irradiance data (Dutton et al. 2001; Habte 
et al. 2016; Habte et al. 2017; Michalsky, Kutchenreiter, and Long 2017; Sengupta et al. 2021; 
Younkin and Long 2003). 

The selection and application of these radiometers are based on the lists provided in Section 
5.2.1. 

5.2.3 Filtered Radiometers 
In this document, filtered radiometers include ultraviolet (UV), photosynthetic active radiation, 
and photometric spectral wavelengths. These radiometers are used in climate studies and to 
understand the service life and durability of materials such as those used in PV panels. For 
example, UV is one of the major factors that causes degradation of materials. The radiometers 
are traceable to National Metrology Institutes (NMIs), such as the U.S. National Institute of 
Standards and Technology (NIST). 

The selection and application of these radiometers are based on the lists provided in Section 
5.2.1. 

5.2.4 Photovoltaic Reference Cells 
Similar to shortwave radiometers, PV reference cells can measure solar irradiance, and they are 
closely matched to solar panels. Typically, they are used to understand PV performance and 
efficiency. Reference cells are traceable to NMIs and/or the WRR.  
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The selection criteria of these PV reference cells are based on the lists provided in Section 5.2.1. 

5.2.5 Spectroradiometers 
Spectroradiometers are used for solar energy applications that need to expressly account for the 
impact of the radiation spectrum, such as understanding the spectral behavior of the PV modules. 
These spectroradiometers are most frequently used for measuring the spectrum of solar 
simulators or outdoor natural sunlight. Spectroradiometers are also used for climate research to 
evaluate the atmospheric constituents and spectral irradiance characteristics. 

Spectroradiometers are traceable to NMIs, such as NIST. The NREL metrology laboratory is 
ISO 17025 accredited for spectroradiometer calibration with NIST traceability.  

The selection criteria of these radiometers are based on the lists provided in Section 5.2.1. 

5.2.6 Meteorological/Ancillary Instruments 
In addition to solar irradiance, meteorological parameters are fundamental for solar resource 
assessments. These additional parameters are required for solar modeling, for PV generation 
performance and characterization, and for numerous economic and performance models. 
Meteorological parameters are used to advance solar radiometry, with such information being 
used during the calibration of broadband irradiance (e.g., during BORCAL); longwave 
calibration using, for example, the absolute cavity pyrgeometer; and the calibration of 
metrological equipment. For spectral calibration and measurement, meteorological data sets are 
essential to monitor the calibration condition and to fully interpret the variations in spectral 
distribution.  

As stated, meteorological sensors are important for many solar measurement sensors. There are 
standards for such measurements, such as wind speed at 10 m and ambient temperature at 2 m. 
All sensors (wind, temperature, pressure) should be calibrated on a schedule with traceability to 
NMIs, such as NIST. Moreover, instruments used to measure precipitable water vapor and 
aerosol optical depth are calibrated by internationally recognized networks. 

Temperature, humidity, and pressure sensors are calibrated in the NREL metrology laboratory. 
Wind sensors are purchased with calibration from the vendor. 

The NREL-SRRL is also equipped with ancillary meteorological measurements that are 
important to ensure the operation of outdoor solar trackers and the indoor standard calibration 
laboratory condition. As part of the ISO 17025 accreditation of the metrology labs, monitoring 
the indoor environmental conditions is required because these spaces are temperature and 
humidity controlled. 

The selection criteria of the meteorological/ancillary instruments are based on the measurement 
requirements provided in Section 5.2.1. 

5.3 Commissioning Process 
Once an instrument is selected, the installation and inspection of the instrument follows. The 
instrument is then connected to the MIDC platform, and incoming data are verified according to 
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procedures for that instrument type. At this point, the instrument is referred to as commissioned. 
The instrument could be deployed into three setups: 

1. RMS: As mentioned in Section 4, these instruments are under separate data acquisition 
systems that allow research devices to be deployed at the NREL-SRRL separate from the 
semipermanent instruments in the BMS. The selected instrument is deployed in this setup 
when the following conditions are fulfilled: 

A. The instrument is deployed to support research for DOE programs over a short 
time period. These instruments could be either DOE/NREL owned or under 
various agreements between NREL and the instrument owner. 

B. The instrument is new and has never been evaluated at the NREL-SRRL, but 
DOE and NREL see value for solar energy stakeholders and climate research. 

2. BMS: The selected instrument is deployed in this setup when one of the following 
conditions are fulfilled: 

A. The instrument has been previously deployed and tested in the RMS or by various 
measurement service providers, such as an NMI or other meteorological 
monitoring networks. 

B. DOE and NREL see value for solar energy stakeholders and climate research in 
the long term. 

C. The instrument has been adopted by industry and is regularly deployed at 
meteorological monitoring networks, solar energy generating facilities, or climate 
measurement facilities. 

D. New advances in instruments: Based on previous testing for quality and reliability 
and/or planned improvements that enhance measurement accuracy.  

3. Meteorological/ancillary instrument: The selected instrument is deployed in this setup 
when one of the following conditions are fulfilled: 

A. The instrument is complementary to radiometric and/or other instrumentation 
deployed within the NREL-SRRL. 

B. The instrument is relevant for renewable energy stakeholders, solar energy 
modeling and climate research. 

Note: The BMS, RMS, and ancillary data are acquired, quality controlled, and delivered to 
internal and external customers and the public through the MIDC (see Section 2). 

5.4 Decommissioning Process  
The specific criteria that will guide the NREL-SRRL staff during the decommissioning process: 

1. The instrument does not conform to the specifications of one or more of the lists provided 
in Section 5.2.1 regarding selection and application.  

2. Loss of functionality: The reliability of the instrument cannot serve its purpose well. A 
newer instrument of higher quality is commercially available. 
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3. Cost of maintenance: The cost to maintain or repair an instrument is expensive relative to 
the usage/outcome. 

4. A new/improved/revised version of the instrument is available from manufacturer. This is 
applicable when an instrument is discontinued by the manufacturer. 

5. Stakeholder adoption: The instrument is no longer commonly used by industry/research 
institution. Exception: Continuity is required for long-term records. 

In all cases, a candidate instrument’s period of record in the MIDC database will be considered. 
For an instrument with a long history of data that adequately characterizes its performance in a 
variety of operating scenarios, a greater emphasis will be given to its decommissioning. 

If one or more of these criteria apply to an instrument deployed at the NREL-SRRL, the team use 
expert judgement on proceeding with the decommissioning process. For example, an Eppley 
model 8-48 used for diffuse measurement is continually deployed because it meets Criterion 1 
but not Criterion 5. 

5.5 Evaluation Schedule 
A set of procedures is followed when an instrument is in the decommissioning category. Some or 
all of these procedures will be carried out based on relevance: 

• Identify and engage the stakeholders, including the manufacturer (i.e., if it is in business), 
on the decision.  

• Notify users ahead of time (at least 1 month prior) about the decommissioning plan. 
• Assign responsibility within the NREL-SRRL team to assume the decommissioning 

process. 
• Develop documentation of the reasons for decommissioning, and place it on record at the 

MIDC. 
• Establish an estimated timetable for the decommissioning. 
• Archive the data before decommissioning. (Note: The MIDC automatically does this.) 

5.6 Standard Operating Procedure Update 
This document will be evaluated and, if necessary, updated annually.  
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Appendix 
Table A.1. Pyranometers Used for Broadband Downwelling Irradiance Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare QTY# 

Spare 
QTY# 

Spectral 
Range 
(nm) 

Sensor Accessories Commission 
Date 

Availability From 
Manufacturer 

Availability in Any Other 
Meteorological Network 

Apogee SP-510 1 --- --- 385 to 2105 Thermopile --- 12/1/17 Available --- 

EKO MS-80 1 --- 2 285 to 
3,000 Thermopile --- 12/1/17 Available --- 

EKO MS-802 1 --- --- 285 to 
3,000 Thermopile --- 3/10/15 Available Baseline Surface Radiation Network 

(BSRN) 

EKO MS-410 1 --- --- 285 to 
3,000 Thermopile --- 3/10/15 Discontinued --- 

EKO MS-602 1 --- --- 285 to 
3,000 Thermopile --- 3/10/15 Discontinued --- 

Eppley SPP 
(ventilated) 1 --- --- 295 to 

2,800 Thermopile Ventilator 2/24/15 Discontinued Atmospheric Radiation Measurement 
(ARM) 

Eppley GPP 1 --- --- 295 to 
2,800 Thermopile --- 2/25/15 Discontinued --- 

Eppley PSP 
(ventilated) 1 --- 34 295 to 

2,800 Thermopile Ventilator 11/1/00 Discontinued 
ARM, National Oceanic and 

Atmospheric Administration (NOAA), 
University of Oregon 

Hukseflux SR25 1 --- 1 285 to 
3,000 Thermopile --- 8/1/16 Available --- 

Hukseflux SR30-D1 0  1 285 to 3000 Thermopile Internal fan, 
heater 2021 Available Hukseflux 

Kipp & 
Zonen CMP11 1 --- ---- 285 to 2800 Thermopile --- 3/10/15 Available --- 

Kipp & 
Zonen CMP22 2 --- --- 200 to 3600 Thermopile --- 6/22/15 Available 

National Ecological Observatory 
Network (NEON), NOAA, University of 

Miami, University of Oregon, BSRN 
Kipp & 
Zonen 

CMP22 
(ventilated) 1 --- --- 200 to 3600 Thermopile Ventilator 6/22/15 Available NEON, NOAA, University of Miami, 

University of Oregon, BSRN 
Kipp & 
Zonen CM6B 1 --- --- 285 to 

2,800 Thermopile --- 8/4/01 Current model: 
CMP6 --- 

Kipp & 
Zonen CM3 1 --- --- 300 to 

2,800 Thermopile --- 1/1/15 Current model: 
CMP3 --- 

YSI TSP-700 
(ventilated) 1 --- --- 300 to 3000 Thermopile Ventilator 1/1/04 Discontinued --- 

Apogee SP-110 1 --- --- 360 to 1120 Photodiode --- 10/20/08 Available --- 

EKO ML-01 1 --- --- 400 to 1100 Photodiode --- 3/13/15 Available --- 
Kipp & 
Zonen SP Lite2 1 --- --- 400 to 1100 Photodiode --- 1/8/15 Available --- 

LI-Cor LI-200R 1 --- --- 400 to 1100 Photodiode --- 4/10/15 Available --- 

LI-Cor LI-200 1 --- Several 400 to 1100 Photodiode --- 7/15/81 Current model: LI-
200R University of Oregon 

Hukseflux SR20 1 --- 1 285 to 
3,000 Thermopile --- 1/1/24 Available ARM 
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Table A.2. Pyranometers Used for Downwelling DHI Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range 
(nm) 

Sensor Accessories Commission Date Availability From 
Manufacturer 

Availability in Any 
Other Meteorological 

Network 

Eppley 8 48 (ventilated) 1 1 8 295 to 
2,800 Thermopile Ventilator 1/13/99 Discontinued ARM, NOAA, BSRN 

Eppley 8 48 (shadowband) 1 1 --- 295 to 
2,800 Thermopile Eppley shadowband 8/10/09 Discontinued --- 

Hukseflux SR25 1 1 --- 285 to 
3,000 Thermopile --- 12/1/17 Available --- 

Kipp & Zonen CM22 (ventilated) 2 1 --- 200 to 
3600 Thermopile Ventilator 8/4/2001, 6/22/2015 Current model: CMP22 --- 

Hukseflux SR20 1 1 --- 285 to 
3,000 Thermopile Ventilator 01/05/2024  Available ARM 

Table A.3. Pyranometers Used for Broadband Upwelling Irradiance Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range 
(nm) 

Sensor Accessories Commission 
Date 

Availability From 
Manufacturer 

Availability in Any Other 
Meteorological Network 

Kipp & Zonen CM3 1 1 1 300 to 
2,800 Thermopile --- 1/1/15 Current model: CMP3 --- 

Kipp & Zonen CMP11 1 1 --- 285 to 2800 Thermopile --- 11/27/17 Available --- 

LI-Cor LI-200 1 1 --- 400 to 1100 Photodiode --- 1/7/04 Current model: LI-200R --- 
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Table A.4. Pyrheliometers Used for DNI Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range 
(nm) 

Sensor Accessories Commission Date 
Availability 

From 
Manufacturer 

Availability in Any Other 
Meteorological Network 

EKO MS-57 1 ---  200 to 4000 Thermopile --- 1/6/2014(MS56), 4/29/2019 (MS57) Available  

Eppley NIP 1 --- 19 250 to 3000 Thermopile --- 7/15/81 Obsolete ARM, NOAA, University of Oregon, BSRN 

Eppley sNIP 1 --- --- 250 to 3000 Thermopile --- 2/25/15 Discontinued ARM 

Hukseflux DR02 1 --- --- 200 to 4000 Thermopile --- 5/22/15 Discontinued BSRN 

Kipp & Zonen CHP1 2 --- --- 200 to 4000 Thermopile --- 1/1/2015 (CHP1-1), 6/23/2015 (CHP1-2) Available BSRN, University of Oregon 

LI-Cor LI-201 1 --- 1 400 to 1100 Photodiode --- 8/4/01 Discontinued --- 

EKO MS-56 --- --- 1 --- Thermopile --- --- --- BSRN 

Hukseflux DR20 1 --- --- 200 to 4000 Thermopile --- 01/04/2024  Available ARM, BSRN 
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Table A.5. Pyranometers Used for POA Irradiance Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range (nm) Sensor Accessories Commission 

Date 
Availability From 

Manufacturer 

Availability in Any 
Other 

Meteorological 
Network 

Vertical:           

Eppley PSP 4 4  295 to 2,800 Thermopile  10/25/84 Not in production University of Oregon 

LI-Cor LI-200 4 4  400 to 1100 Photodiode  6/14/04 Current model: LI-200R --- 
           

Fixed 40S (Rad. Twr):          

Kipp & Zonen CMP22 1 1  200 to 3600 Thermopile  10/3/19 Available --- 

Kipp & Zonen SP Lite2 1 1  400 to 1100 Photodiode  4/10/20 Available --- 

LI-Cor LI-200R 1 1  400 to 1100 Photodiode  10/3/19 Available --- 
           

1 Axis:           

Kipp & Zonen CMP22 1   200 to 3600 Thermopile  3/27/20 Available --- 

Kipp & Zonen SP Lite2 1   400 to 1100 Photodiode  3/27/20 Available --- 

LI-Cor LI-200R 1   400 to 1100 Photodiode  3/27/20 Available --- 
           

2 Axis:           

Kipp & Zonen CMP22 1   200 to 3600 Thermopile  3/27/20 Available --- 

Kipp & Zonen SP Lite2 1   400 to 1100 Photodiode  3/27/20 Available --- 

LI-Cor LI-200R 1   400 to 1100 Photodiode  3/27/20 Available --- 
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Table A.6. Filtered Radiometers Used for POA and Downwelling Irradiance Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range (nm) Sensor Accessories Commission  

Date 
Availability From 

Manufacturer 

Availability in Any 
Other 

Meteorological 
Network 

UV radiometers, Deck, 
GHI: 

          

EKO MS210W210W 1   280 to 315 UV filter 
optics 

 11/1/00 New model  
available --- 

Eppley TUVR 1  Sever
al 295 to 385 Selenium  

barrier-layer 
 

 3/14/88 Discontinued University  
of Oregon 

Kipp & Zonen CUV4 1  --- 305 to 385 UV filter,  
photodiode 

 

 8/8/08 New model:  
CUV5 --- 

Kipp & Zonen UV-S-A-T 1   315 to 400 
(AA cal) 

UV filter,  
photodiode 

 

 8/4/01 Discontinued BSRN 

Kipp & Zonen UV-S-B-T 1   280 to 315 
(AA cal) 

UV filter,  
photodiode 

 

 8/4/01 Discontinued BSRN 

Solar Light 501A, UVA 1   315 to 400 UV filter 
optics 

 12/1/17 Available BSRN 

Solar Light 501A, UVB 1  2 280 to 315 UV filter 
optics 

 11/1/00 Available BSRN 

YES UVB-1 1  1 280 to 315 UV filter 
optics 

 11/1/00 Not available NOAA, BSRN 

           

UV Radiometers, 
Deck, DNI: 

          

Eppley TUVR 1   295 to 385 Selenium  
barrier-layer 

 

Collimation  
tube 7/3/90  --- 

Kipp & Zonen CUVA2 1   315 to 400 UV filter,  
photodiode 

 

 11/1/00 Discontinued --- 

Kipp & Zonen CUVB2 1   280 to 315 UV filter,  
photodiode 

 

 11/1/00 Discontinued --- 

Eppley RG780 NIP 1   Cut-on 780 Thermopile  3/14/88 Discontinued --- 

           

UV radiometers, 40S:           

Kipp & Zonen CUV4 1   305 to 385 
UV filter,  

photodiode 
? 

 8/14/18 New model:  
CUV5 --- 

           

Filtered radiometers:           

Eppley (GHI) PSP RG780 1   Cut on - 780 Thermopile  3/14/88 Not available --- 

Kipp & Zonen (GHI) PQS-1 1   400 to 700 Photodiode  3/10/15 Available NEON 

LiCor (GHI) Li-190 Quantum 1  Sever
al 400 to 700 Photodiode  8/4/01 Li-190R available NOAA 
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LiCor (GHI) Li-210 Photometric 1  Sever
al 

Curve 
center - 555 Photodiode  12/21/05 Li-210R available University of Oregon 

LiCor (Upwelling) LI-190 Quantum 1   400 to 700 Photodiode  1/7/04 Li-190R available --- 

LiCor (DNI) LI-190 Quantum 1   400 to 700 Photodiode  8/27/12 Li-190R available --- 

Kipp & Zonen (GHI) CUVA1 0  1     Discontinued --- 

Kipp & Zonen (GHI) CUVB1 0  1     Discontinued --- 

EKO MS-210W 0  4      --- 

Eppley Photometer    1      --- 

Prede POM-01C 1   Channels, 
315 to 1020 

Si-
photodiode 

Solar  
tracker 10/16/08 Available 

National Center for 
Atmospheric 

Research (NCAR) 
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Table A.7. Pyrgeometers Used for Near-Surface Downwelling Infrared Irradiance Measurements in the BMS 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range (nm) Sensor Accessories Commission 

Date 
Availability From 

Manufacturer 
Availability in Any Other 
Meteorological Network 

Eppley PIR (shaded) 1 1  3.5 to 50 um Thermopile Ventilator 1/13/99 Not in production ARM, NOAA, BSRN 

Kipp & Zonen CGR4 (shaded) 1 1  4.5 to 42 um Thermopile Ventilator 8/4/01 Available BSRN 

UPWELLING:          --- 

Eppley PIR 1 1  3.5 to 50 um Thermopile  1/13/99 Discontinued University of Oregon 

Kipp & Zonen CG3 1 1  4.5 to 42 um Thermopile  1/1/15 New model: CGR3 --- 
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Table A.8. Reference Cells Used for Measurements of the Irradiance Available to PV Cells in the Research Channel 

Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range (nm) Sensor Accessories Commission 

Date 
Availability From 

Manufacturer 
Availability in Any Other 
Meteorological Network 

Deck:           

Autonometrics 810226-02 1  1  Si   Available --- 

Autonometrics 810157 1       Available --- 

EETS RCO 1  3  Si   Available --- 

IMT IMT 17-18 1  6  Si   Available --- 
           

40 Tilt:           

Autonometrics 810226-02 1      4/29/20 Available --- 

Autonometrics 810226-03 (CdTe) 1      4/29/20 Available --- 

EETS RCO1 1      4/29/20 Available --- 

Fraunhofer RS-05-D 1    Si  4/29/20 Available --- 

IKS ISET Amorph 1    Si  4/29/20 Available --- 

IKS ISET Mono 1      4/29/20 Available --- 

IKS ISET Poly 1      4/29/20 Available --- 

IMT IMT 17-18 1      4/29/20 Available --- 

NES Mono 1    Si  4/29/20 Available --- 

NES Poly 1      4/29/20 Available --- 
           

1-Axis:           

Autonometrics 810226-03 (CdTe) 1      3/27/20 Available --- 

EETS RCO1 1      3/27/20 Available --- 

IKS ISET Mono 1      3/27/20 Available --- 

IMT IMT 17-18 1      3/27/20 Available --- 

NES SOZ-03 Mono 1      3/27/20 Available --- 
           

2-Axis:           

Autonometrics 810226-03 (CdTe) 1      3/27/20 Available --- 

EETS RCO1 1      3/27/20 Available --- 

Fraunhofer RS-05-D 1      3/27/20 Available --- 

IKS ISET Mono 1      3/27/20 Available --- 
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Manufacturer Model QTY 
# 

Calibration 
Spare 
QTY# 

Spare 
QTY# 

Spectral 
Range (nm) Sensor Accessories Commission 

Date 
Availability From 

Manufacturer 
Availability in Any Other 
Meteorological Network 

IMT IMT 17-18 1      3/27/20 Available --- 

NES SOZ-03 Mono 1      3/27/20 Available --- 
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Table A.9. Spectroradiometers Used for Spectral Irradiance Measurements 

Manufacturer Model QTY # 
Calibration 

Spare  
QTY# 

Spare  
QTY# 

Spectral  
Range (nm) Sensor Accessories Commission 

Date 
Availability 

From 
Manufacturer 

Availability in Any Other 
Meteorological Network 

Deck:           

EKO Wiser MS 711 1   300 to 1100 Grating  
spectroradiometer Collimation tube 3/13/2014 Available --- 

EKO Wiser MS 712 1   900 to 1700 Grating  
spectroradiometer Collimation tube 3/13/2014 Available --- 

Spectrafy Solar SIM-G 1   280 to 4000 
derived 

Filters +  
photodiodes 

 4/30/21 Available --- 

Spectrafy Solar SIM-
D2+ 1   280 to 4000 

derived 
Filters +  

photodiodes 
 9/1/2016 Available --- 

Prede PGS-100 1   350 to 1050 Si-CCD Solar tracker 8/6/08 Available Laboratory for Atmospheric  
and Space Physics (LASP) 

           

1-Axis:           

EKO Wiser MS 710 1   350 to 950 Grating  
spectroradiometer 

 10/3/2017 Discontinued --- 

EKO Wiser MS 712 1   900 to 1700 Grating  
spectroradiometer 

 10/3/2017 Available --- 

           

2-Axis:           

EKO Wiser MS 711 1   300 to 1100 Grating  
spectroradiometer 

 1/27/2000 Available --- 

EKO Wiser MS 712 1   900 to 1700 Grating  
spectroradiometer 

 1/27/2000 Available --- 

           

Not at SRRL:           

EKO MS 711 1    Grating  
spectroradiometer 

 8/24/2018  --- 

EKO MS 700 1    Grating  
spectroradiometer 

 8/20/2008  
NREL Outdoor Testing 
Facility, University of 

Oregon 

EKO MS 701   1 300 to 400 Grating  
spectroradiometer 

  Discontinued --- 

LICOR LI-1800   6 300 to 1100 Monochromator Temp Ctrl, DNI tube Discontinued --- 

NREL AOCS   1 300 to 4000 
derived 

Filtered  
photodiodes 

  Discontinued --- 
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Table A.10. Radiometers in the RMS 

Manufacturer Model QTY 
# 

Calibration  
Spare  
QTY# 

Spare 
QTY# 

Spectral  
Range (nm) Sensor Accessories Commission  

Date 
Availability From 

Manufacturer 
Availability in Any other 
Meteorological Networ1k 

Deck SE 
Corner 40S:           

Kipp & Zonen SP Lite 1   400 to 1100 Photodiode  8/4/2001 Current model: 
SP Lite2 --- 

           

SRRL:           

Kipp & Zonen SP Lite 1 --- --- 400 to 1100 Photodiode --- 8/4/01 Current model: 
SP Lite2 --- 

Delta-T SPN-1 1 --- 1 400 to 2700 Thermopile Internal shade 1/1/08 Available NEON 

Irradiance 
RSR2/LiCor 
Li200/WXT-

520 
1 --- --- 400 to 1100 Photodiode 

Motorized Rotating 
Shadowband 

Radiometer (RSR), 
Wind Speed 
(WS),Wind 

Direction (WD), 
Temperature 

(Temp), Relative 
Humidity (RH), 

Barometric 
Pressure (BP) 

6/19/07 New product: 
RSR3 --- 

LBL Circumsolar 
Telescope 0  1  Multi wavelength  2006 

Inoperative-in 
storage and not 

deployed 
--- 
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Table A.11. Meteorological Measurements Within SRRL (BMS, RMS, and Other) 

Manufacturer Model QTY # 
Calibration 

Spare  
QTY# 

Spare 
QTY# 

Spectral 
Range 
(nm) 

Sensor Accessories Commission 
Date 

Availability 
From 

Manufacturer 
Availability in Any Other 
Meteorological Network 

EKO (Deck) ASI-16 All 
sky camera 1   N/A All sky camera Ventilator 9/26/17 ASI-16 is now 

sold --- 

YES (Deck) TSI-880 All 
sky camera 1   N/A All sky camera Heated reflector 8/1/04 Not available ARM 

Novalynx 
(Deck) 260-2590 1   N/A Moisture detector  12/1/17 Not available --- 

Trimble 
(Deck) PWV 1   N/A Precipitable water 

vapor GPS Antenna 6/13/1012  --- 

Vaisala (E. 
Rail) HMP60 1 1  N/A Temp, RH Nat. Asp. Radiation 

shield 11/1/00 Available --- 

Vaisala (Rad. 
Tower) HMP60 1 (swaped w/above) N/A Temp, RH Nat. Asp. Radiation 

shield 9/1/08 Available --- 

Vaisala (Sun 
Ed. PV) HMP60 1 (swaped w/above) N/A Temp, RH Nat. Asp. Radiation 

shield 11/1/00 Available --- 

Vaisala (Data 
lab) HMP60 1 (swaped w/above) N/A Temp, RH    --- 

Vaisala 
(Optics Lab) HMP45 2   N/A Temp, RH    --- 

Vaisala 
(Staging 

Area) 
HMP45 1   N/A Temp, RH    --- 

Fluke 
(Metrology 

Lab) 
Dewk 2 2  N/A Temp, RH    --- 

RM Young 
(Deck) 3001 1 1  N/A WS, WD  9/24/08 Available --- 

RM Young 
(Rad. Tower) 3001 1 1  N/A WS, WD  9/8/08 Available --- 

NRG (Sun Ed. 
PV) 40C 2 2  N/A WS 2 levels  9/9/00 Available --- 

NRG (Sun Ed. 
PV) 200P 2 2  N/A WD 2 levels  11/1/2000? Available --- 

Boltec (Rad. 
Tower) EFM-100 1   N/A Atmospheric Electric 

field Motorized shutter 9/27/10 Available --- 

Campbell 
Scientific 

(Snow pad) 
TB4 1   N/A Tipping bucket -

precipitation 
 9/8/17 Available --- 

Campbell 
Scientific 

(Snow pad) 
SR50A 1   N/A Ultrasonic, snow 

depth 
 

9/6/2007 (orig. 
sensor 

12/21/2005) 
Available --- 

Setra (Rad. 
Tower) 278 1 1  N/A BP RM Young 

pressure port 7/28/99 Available --- 
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Figure A.1. BMS measurement devices on the NREL-SRRL deck 

Current as of February 1, 2022 
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Figure A.2. Instrumentation of the NREL-SRRL radiometer tower 

Current as of February 1, 2022 
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Figure A.3. Instrumentation of the NREL-SRRL meteorological tower  

Current as of February 1, 2022 



37 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

 
Figure A.4. Instrumentation of the NREL-SRRL PV resource setup  

Current as of February 1, 2022 
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