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Traceable Pyrgeometer Calibrations

Abstract: The Atmospheric Radiation Measurement (ARM) program provides high quality radiometric data from approximately
150 instruments deployed at Southern Great Plains (SGP), Eastern North Atlantic (ENA), North Slope of Alaska (NSA), Oliktok
(OLI), and the ARM Mobile Facilities (AMF) sites. These instruments are deployed on the Solar Infrared Radiation Station (SIRS),
SKYRAD, and GNDRAD instrument platforms. In addition to the operational radiometers, there are more than 200 other
radiometers that are calibrated and used for instrument swaps and replacements. The National Renewable Energy Laboratory
(NREL) and ARM, through the Radiometric Calibration Facility (RCF) at the Southern Great Plains (SGP) site, provides
Broadband Outdoor Radiometer Calibrations (BORCAL) for all shortwave (SW) and longwave (LW) radiometers that are
deployed by the ARM program. The BORCAL-SW is traceable to the International System of Units (SI), through the World
Radiometric Reference (WRR). On the other hand, the Sl standard is not yet established for longwave measurements. Both
NREL and ARM continue to improve radiometric measurement through the introduction of new methods to reduce uncertainty
In calibration and field measurements. A significant part of this effort is to establish the longwave traceability to Sl units and
deploy the BORCAL-LW using an interim World Infrared Standard Group (WISG) for traceability. Deployment of BORCAL-LW
capability has been performed under ARM program ECO-00781, “Establish Pyrgeometer Calibrations Traceable to the WISG”.
The stated purpose of the ECO is to adopt the consensus WISG for calibrating pyrgeometers used by ARM for broadband
longwave irradiance data collected from SIRS, SKYRAD, and GNDRAD instrument platforms. This poster presents the
development, implementation, and operation of the LW-BORCAL system at the SGP RCF for the calibration of pyrgeometers

that provide traceability to WISG.

Calibration Certificate from BORCAL 2016-02 for PIR 30133F3

Southern Great Plains Radiometer Calibration Facility
o National Renewable Energy Laboratory
A“WI Metrology Laboratory
Calibration Certificate

Test Instrument:  Downwelling Pyrgeometer (Ventilated) Manufacturer: Eppley

Model: PIR Serial Number: 30133F3

Calibration Date: 3/17/2016 Due Date: 3/17/2018

Customer: SGP Environmental Conditions: see page 4

Test Dates: 2/10-29, 3/1-17

This certifies that the above product was calibrated in compliance with procedure listed below. Measurement uncertainties at the time of calibration are
consistent with the Guide to the Expression of Uncertainty in Measurement (GUM) using Reda et al., 2008. All nominal values are traceable to the
World Infrared Standard Group (WISG).

No statement of compliance with specifications is made or implied on this certificate. However, the estimated uncertainties are the uncertainties of the
calibration process; users must add other uncertainties that are relevant to their measuring system, environmental and sky conditions, outdoor set-up,
and site location.

This certificate applies only to the item identified above and shall not be reproduced other that in full, without specific written approval from the
calibration facility. Certificate without signature is not valid.

Table 1. Traceability

Calibration Due Date
04/15/2016
06/19/2017
06/19/2017

Calibration Date
01/30/2015
06/19/2015
06/19/2015

Instrument
NREL Data Acquisition System Model RAP-DAQ, S/N 2014-1302
Eppley Downwelling Pyrgeometer Model PIR, S/N 31206F3
Eppley Downwelling Pyrgeometer Model PIR, S/N 31237F3

Measurement Type

Data Acquisition

Infrared Irradiance {

Infrared Irradiance ¥

1 Through the World Infrared Standard Group (WISG)
Number of pages of certificate: 4
Calibration Procedure: SGP BORCAL-LW Calibration Procedure

Setup: Radiometers are calibrated outdoors, using the atmosphere as the source. Pyranometers and pyrgeometers are installed for
horizontal measurements, with their signal connectors oriented north, if their design permits.

Calibrated by: Mike Dooraghi and Craig Webb

Michael Dooraghi, Technical Manager Date

For questions or comments, please contact the technical manager at:
Mike.Dooraghi@nrel.gov; 303-384-6329; 15013 Denver West Parkway, Golden, CO 80401, USA
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Figure 3. History of instrument (KO Coefficient)
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Figure 4. History of instrument (K1 Coefficient)
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Figure 5. History of instrument (K2 Coefficient)
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Figure 6. History of instrument (K3 Coefficient)
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References:
[1]Reda, I.; Stoffel, T. (2010). Pyrgeometer Calibration for DOE-Atmospheric System Research Program using NREL Method (Presentation). 9 pp.;
NREL Report No. PR-3B0-47756; http:/www.nrel.gov/docs/fy100stiid 7756.pdf.
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Figure 3. Page 3 of the calibration certificate contains the
historical record of calibration coefficient results from

BORCAL to BORCAL. The control and measurement
assurance standard have been in each of the 8
calibrations so far and thus have 8 results each. The
values shown on the left are for the measurement

assurance standard instrument 30133F3. The red line
represents the traceable coefficient results and the blue
line represents coefficient results obtained when forcing

the intercept through O

Figure 1. Page 1 of the
Calibration Results calibration certificate
2013 Eppley FIR contains the customer
The incoming irradiance (Win) of the test instrument during calibration is calculated using this Measurement Equation: an d pyrg eometer
Win = KO + K1*V + K2*Wr + K3*(Wd - Wr) [1] . .
where, Information. It also
K0,K1,K2,K3 = calibration coefficeints, Wr = o * Tr*4 = receiver irradiance (WW/m?), .
e T ol odout ol (1 contains data
e JemeemeemmnL < tan cotioan (41 acquisition and
Four . Rl for . s . rdianc sing KO Cofiins Fiur 2. Roskul ol v oo using Ko-3 Gt reference pyrgeometer
01 o o tractability information
T o, B T along with the
e Cngenpttp it NIRRT S v calibration procedure
o fom and the technical
S e Fom Py manager’s signature.
RN | NENEEE— Figure 2. Page 2 of the
e e calibration certificate
contains the
T2 Gt orlrn 150 Tt o o 0 measurement equation
“ “ o247es with calibration
e T T T coefficients and
constants necessary to
e e e e e calculate the irradiance
e o] S of the PIR to the sky.
| e - Page 2 also contains
the residual graphs (as
compared to the
reference irradiance),
calibration coefficients
BORCAL-LW 201602/ Certcate  Southern Grea Pains 30133F3 Eppley PIR page 2014 and uncertainty results
for both k=0 and k <>0.
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Figure 4. The LW BORCAL can be concluded once data has been collected
under all sky conditions. This allows for calibration over the full voltage output
range. The above graph shows the residuals in the between the reference
iIrradiance and the instrument irradiance using the factory calibration.

NREL is a national laboratory of the U. S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.

NREL: Mike Dooraghi, Mark Kutchenreiter, Ibrahim Reda, Aron
Habte, Manajit Sengupta, Afshin Andreas, Martina Newman

SGP RCF: Craig Webb

36368F3 Residuals using MFG Calibration as Compared to
BORCAL Reference Irradiance
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36368F3 Residuals using BORCAL 2015-02 Calibration as
Compared to BORCAL Reference Irradiance
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30133F3 Residuals using BORCAL 2015-02 Calibration as
Compared to BORCAL Reference Irradiance
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Figure 5. The residual in W/m”2 as compared to the reference instruments ranges from 3.2 to 23.1 for the control instrument
(36368F3) and from -1.8 to 7.2 for the measurement assurance standard (30133F3) when using the manufacturer’s calibration.
The residual in W/m”2 as compared to the reference instruments ranges from -1.3 to 1.3 for the control instrument (36368F3)
and from -1.6 to 1.6 for the measurement assurance standard (30133F3) when using the BORCAL-LW calibration.

Control Instrument History

Figure 1. Eppley PIR Control Instrument History (K0 Coefficient)
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Figure 2. Eppley PIR Control Instrument History (K1 Coefficient) Figure 6. Craig Webb installing
0.29 Pyrgeometers on one of the LW trackers at
the SGP RCF.
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- . OO o e « Total number of Instruments : 92
%5015-02 2015-03 2015-04 2015-05 2015-06 2015-07 2016-01 2016-02 * Total individual Instruments : 81
SUME - Total failed calibrations: 8 (Most of these
30133F3 36368F3 were later linked to a failed channel)
Figure 3. Eppley PIR Control Instrument History (K2 Coefficient) « Average Uncertainty: &= 2.31 W/m2
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BORCAL-LW 2016-02 / Full Report

4 -5.1028 to 0.00087

Figure 7. Results are from 8 LW BORCAL events for the control instrument (36368F3) and the

Measurement Assurance Standard (30133F3) are shown above.

Documentation of the longwave and shortwave BORCAL processes conducted at SGP can be found here: http://www.nrel.gov/docs/fy150sti/65035.pdf
Documentation of the Radiometer Calibration and Characterization (RCC) software can be found here: http://www.nrel.gov/docs/fy160sti/65844.pdf

This work was supported by Argonne National Laboratory MPO No. 2T-30084 and the U.S. Department of Energy under Contract No. DE-
AC36-08-G028308 with the National Renewable Energy Laboratory

(If needed, use this space to credit NREL Center and/or DOE program that supported the work.)
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