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Radiometer Calibration Facility

Annual Calibrations of ~200 Pyrheliometers and Pyranometers
Traceable to the World Radiometric Reference using
Radiometer Calibration and Characterization (RCC) Software
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RCF DAS Upgrades

Flukg_ Helios RAPDAQ*
‘ -‘*"“l‘T <«—— Obsolete 1 '

(1 W/sgq m)
Scan Groups

+
Agilent 34420 meters ¥
(Faster Scanning)
+

New RCC code

*Reda/Afshin/Pete Data Acquisition
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RCF DAS Upgrades,
Status & Plans

NREL System in
Service 2007

$60K Hardware
delivered to NREL

HDW/SW System _ e
Integration \R%
Tested at NREL

Installation next
Spring




RCF DAS Upgrades,

Test Results Based on Measurement Assurance Standards

Figure 8. Eppley NIP Control Instrument History
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Figure 9. Eppley PSP Control Instrument History

Figure 10. Eppley PSP Control Instrument History
9.1- 8.9-
8.8-
PSP v PSP
g H
38.
Z
>
wg.
2
@
&8
"'-«-,;n._,e__ﬂ__" | 7.8-
E . ' ' 0 " " i ' ' i ' [ 1.7 ' i V ' ' i
1996-02 1997-01 1995-01 1998-01 2000-01 2001-01 2002-01 2003-01 200401 2005-01 2006-01 2007-01 2008-01 1996-02 1997-01 1996-01 1998-01 2000-01 2001-01 2002-01 2003-01 2004-01 2005-01 2006-01 2007-01 2008-01
BORCAL BORCAL
* 31153F3 o 31099F3 o 31154F3 * 31100F3 o 31151F3 a2 31159F3
PSP response trend = -0.3% per year
G=9. -
‘;_g"?:- National Renewable Energy Laboratory
- e —




NREL Pyrheliometer Comparisons

* All ARM solar (shortwave)
broadband radiometer

calibrations are traceable to the
World Radiometric Reference

(WRR) via BORCAL
 Detector-based standard

(6 radiometers)

« WRR uncertainty = +/- 0.3%
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Calibration Traceability

ey

5 yr International Pyrheliometer NREL/ARM Reference

Comparisons Standards

Transfer
Standards
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NREL Pyrheliometer Comparisons
NPC-2008

22 September — 3 October

23 Patrticipants from ARM, industry, DOE labs, academia, & WRC
36 Absolute Cavity Radiometers + 2 Pyrheliometers

-
G=9. -
‘0 ;’Na:'- National Renewable Energy Laboratory

v
e —




NREL Pyrheliometer Comparisons
NPC-2008

Transfer Group:

AHF 28968*
AHF 29220
AHF 30713
TMI 68018

*ARM Program
Reference




SGP Reference

NPC-2008 Results

WRR-Transfer Factor vs Mountain Standard Time for AHF28964
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NPC-2008 RGSU"ZSZ (Windowed XFR)
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NPC-2008 Results3 (Un-Windowed XFR)

WRR-Transfer Factor vs Mountain Standard Time for AHF30495
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N PC'2008 RQSU"ZS (concluded)

NREL Pyrheliometer Comparison Results
ARM Transfer Standard Absolute Cavity Radiometers
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Pyrgeometer Blackbody Calibration

2 Systems: NREL/SRRL & SGP/RCF




2002: Improved Precision®

Departures from Nominal Longwave Radiation using 2-Coefficient Calibration Results
(April 30 to Jun 8, 2002)

12 PIRs
SGP
s | Outdoors
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Flux Residuals Wim*2

LW QME Findings

Search for temperature dependence of PIR - AERI measurements finds 12 Wm-2 bias between
calibration methods using data from AERI, SIRS, and SMOS instruments:

AERI and SIRS Data from 1997
Flux Residuals vs. SMOS 320 m Temperature
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Blackbody Calibration Improvements

NELT DAY Thermistors

Corning
Fluid ﬂ\ Fluid
in ﬂ PRT H Out

| I

Copper Mass |
for Thermal —
Stability | o=

Thermistor

Re-plated /

Gold
Completion [ i
Hemisphere | |

Improvements reduced BB temperature gradients at -35°C

From 3° to 0.8°, improved emissivity & BB irradiance
6 Wm- 1 Wm-2 4Wm-
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Difference between the reference irradiance and the irradiance
measured by 30557F3 using NREL-BB-Coefficients
(Old vs. New oil)

Without e correction

Old oil
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Decreased dependence on sky conditions
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Interim World IR Standard Group (WISG)

Cylindrical Blackbody Characterization

Physikalisch-Meteorologisches Observatorium Davos (PMOD)
World Radiation Center (WRC) MR=L national Renewable Energy Laboratory




Interim World IR Standard Group (WISG),

Original* Absolute Sky-Scanning
Radiometer (ASR)

International Pyrgeometer &
Absolute Sky-Scanning
Radiometer Comparisons

IPASRC I(IpéeS 9§99 SGP
IPASRC Il — March 2001 NSA

* Rolf Philipona
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.......

Detector-based Standard
Pyrgeometers with IPASRC
and PMOD/WRC Blackbody

Characterizations

et

2 CG4s + 2 PIRs Adjusted to
Davos Sky Conditions...
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World Infrared Standard Group
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WISG Traceability

World Infrared Standard Group

ARM/NREL Reference
Group

Transfer Standard
Group

SIRS, SKYRAD &
GNDRAD PIRs at RCF




Difference between the reference irradiance (WISG) and the irradiance measured by the test pyrgeometer at
PMOD/WRC between July and December 2007.

PMOD BB-Calibration

CG4 060881 using PMOD-BB-Coefficients
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Difference between the reference irradiance (WISG) and the irradiance measured by the test pyrgeometer at
PMOD/WRC between July and December 2007.

PMOD BB-Calibration P I R

PIR 31233F3 using PMOD-BB-Coefficients
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Difference between the reference irradiance (WISG) and the irradiance measured by the test pyrgeometer at
PMOD/WRC between July and December 2007.

PMOD BB-Calibration P I R NREL BB-Calibration ;
r
PIR 30557F3 using PMOD-BB-Coefficients PIR 30557F3 using NREL-BB-Coefficients
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LW QME Comparisons to WISG

-
Downwelling Longwave Flux Comparison,
12/15/2006 - 1/31/2007
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ARM Pyrgeometer Calibrations
Traceable to the WISG

e Close ECO-00559 — BB improvements
« No Changes to BB at SGP/RCF

v Continue PSP thermal offset measurements

e Submit BCR for
Outdoor Infrared Calibration (IRCAL)
of all PIRs for SIRS, SKYRAD, GNDRAD
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Renewable Energy Needs

Flar Plate Collector

| -Axis Trackiag Concentrating Collestors
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