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Background 

 

This project is supported with assistance from the California Solar Initiative (CSI) 

Research, Development, Demonstration, and Deployment Program (RD&D).  The 

purpose of this program is to help achieve the goal of creating a vibrant solar industry. 

This program makes investments to fund solar research and demonstration projects 

that will measurably reduce the cost and accelerate the installation of solar and other 

distributed technologies that could employ solar for generation, storage, or that could 

reduce the use of natural gas.  This project’s primary goal is to drive down the 

installed cost of solar. 

 

Project Summary 

 

Solaria, a California Corporation, has developed photovoltaic modules that use 50-

67% less silicon than other silicon modules and are designed to not have 

compromises in performance or reliability. Solaria modules are the first flat plate PV 

module to use optical concentration and the first low-concentration module to receive 

UL and IEC certification. Solaria’s module is optimized for large-scale commercial and 

utility tracking applications.  

 

The goal of this CSI RD&D project is to perform detailed analysis and reporting on the 

performance of Solaria low-concentrating photovoltaic installations that incorporate 

innovations to reduce costs, increase reliability, and improve system production and 

efficiency.  Solaria is using CSI RD&D funds to support installing and operating PV 

test systems to demonstrate that the technology is financeable. The project will also 

provide performance and reliability data of Solaria’s products on different tracking 

systems totaling 350 kWpDC for two installations of which 240 kWpDC will be installed 

at Alameda County Santa Rita Jail located in Dublin, CA and 110 kWpDC will be 

installed at Solaria manufacturing facility located in Fremont, CA.    

 

This report documents the critical process of commissioning the Solaria manufacturing 

facility installation including verification and benchmarking of all data acquisition 

components.   Commissioning of the 240 kWpDC Santa Rita Jail will be presented in a 

separate report.  The Solaria manufacturing facility, 110 kWpDC solar electric system, 

utilizes the combination of Ideematec Azimuth tracking systems and Array 

Technologies DuraTrack™ HZ Tracker.  The purpose for a 3rd party system 

commissioning is to ensure proper installation of all electrical and mechanical 

components and to correct any malfunctioning panels, BOS and tracker hardware 

components to optimize system performance and reliability.  In addition, comparing 
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and calibrating system data acquisition components ensures the data points reliable 

and accurate.  

 
 
System Commissioning 
 
On July 6th & 14th, 2011 Next Phase Solar of Berkeley CA performed system 
commissioning on the Solaria Manufacturing Headquarters Solar Electric Facility in 
Fremont California. In depth results of the commissioning efforts are included in 
attachment A.  Overall, the systems were found to be in good working condition.   The 
recommended corrective actions were addressed by replacing an inverter which had a 
small burned wire and replacing an AC disconnect that had signs of a small thermal 
event.  Landscape maintenance is scheduled monthly to keep the grass trimmed and 
attempt to mitigate groundhog excavations which appear to be easy digging for critters 
around the backfilled conduit trenches.  There are no major threats to the system 
reliability due to the pests; there is simply a need to knock down mounds of dirt around 
their excavations to mitigate trip hazards.  The shading from the landscaping required 
by the City of Fremont occurs only during the late evenings in summer and is of no 
real concern to system performance. 
 
Included in the commissioning efforts were inspections of the mechanical mounting 
systems; Electrical inspection of PV modules, array wiring, conduit and combiner 
boxes.  Voc and Imp testing, sting functionality, inverter installation, output voltages 
infrared images of PV modules and BOS equipment, tracker installation to check 
proper operation and verify tracking angle. 
 
System irradiance calibration & comparison 
 
On May 5th, 2011, David King of DK Solar Works based in Albuquerque New Mexico 
performed testing and transfer of Sandia Solar Irradiance Calibrations for the testing 
and monitoring equipment contained in the Solaria Manufacturing Headquarters Solar 
Electric Facility.  The results of this calibration can found in attachment B with further 
details in attachment C. 
 
The objective of this effort was to provide system-level solar irradiance calibration 
comparisons for all sensors in the Solaria headquarters facility relative to secondary 
standard instruments on loan from the Photovoltaic Systems Evaluation Laboratory at 
Sandia National Laboratories. Overall, the instrumentation on site was found to be 
within the expected specifications for accuracy compared to reference equipment. 
 
Calibrations for the Sandia instruments were traceable to the World Radiometric 
Reference (WRR) supported by the World Radiation Center in Davos, Switzerland, 
with periodic recalibrations conducted at the National Renewable Energy Laboratory 
(NREL). Accuracy of solar irradiance measurements in the Solaria facility is critical 
because the uncertainty in measured power ratings and system performance ratios 
are directly related to the accuracy of these irradiance measurements. 
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Solaria HQ 
Commissioning Report 

July 6 and July 14, 2011 

 

Introduction 
 
 

Next Phase Solar performed the Commissioning of the Solaria HQ solar array on July 6 and July 14, 2011.   The work was 

performed by Luis Sotomayor and Geordie Whinnery.  Overall, the systems are in good condition, and no shattered modules 

were found.  During the inspection one inverter (PH1-5) presented a burned wire. It appears that the burned wire was factory 

installed.  The inverter has been replaced and the replacement inverter is currently working normally.  The rest of the 

inverters inspected were in working condition.  In addition, one disconnect (AC/DC PH1-3) presented burned terminals on 

the DC side connectors. It appears that the burning was caused due to a field installed termination.  This disconnect is in the 

same circuit with the tracking system.  

A number of minor issues were found and fixed and are detailed later in the report.  The following report also specifies other 

corrective measures to take into consideration for the preservation and better production of the array.  

Commissioning Services Performed 
 

 

 

Service Description 

Array Inspection   Mechanical inspection of array mounting system, Electrical inspection of PV 
modules, array wiring, conduit and combiner boxes 

I-V Curves Tests the performance of individual modules or strings.  Performed on a 
subset of the total array 

Voc  and Imp Testing Test the functionality of all strings in the array 

Inverter Commissioning Verify proper installation, check input voltages, check operation  

Infrared Inspection   Infrared inspection of PV modules and BOS equipment 

Tracker Commissioning  Verify proper installation, check operation, verify tracking angle 
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Observations and Recommendations 

 
 

Component Observation Recommendations 
Electrical Testing The irradiance Delta was too 

big to perform IV curve 

testing. 

 

 

Voc results passed (all strings 

within 5% of average) 

 

Current results varied due to 

changing irradiance.  All 

strings functional. 

 

IV curves will be taken at a later date 

 

 

 

 

 

 

 

Check current during next preventive maintenance 

visit. 

Inverter Inverter PH1-5 presented a 

burned wire on the 

manufacturer side. The 

inverter was working 

normally.   

 

All fans tested and in good 

working condition. 

 

All filters were checked and 

are in good condition 

 

Some inverters presented 

loose electrical connections.  

All cases were solved. 

 

The inverter was replaced during the commissioning. 

The new inverter is working normally. 

 

 

 

 

Test during next preventive maintenance. 

 

 

Clean filters during next preventive maintenance. 

 

 

Check electrical connections during next preventive 

maintenance. 

AC, DC disconnects and 

combiner  boxes 

AC/DC disconnect PH1-3 

presented burn marks on the 

DC connectors.  

 

AC breaker PH1-3 is also the 

breaker for the Tracker 

System.  

 

AC Main Cabinet is not 

properly labeled. In addition, 

the cabinet does not have a 

secure way to lock out during 

maintenance. 

  

AC/DC disconnect PH2-4 had 

a broken ground terminal. The 

ground wire was not installed 

properly.  The wire was 

landed on the spare ground 

connector. 

 

The disconnect was replaced during the commissioning 

as is now operating normally 

 

 

Separate the two systems.   

 

 

 

Install rings that will allow the cabinet to remain 

locked out with maintenance locks.  

 

 

 

 

Check torque on all AC/ DC disconnects 
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AC Disconnect had loose 

terminals. All terminals were 

torqued to manufacture 

specifications.  

 

 

Landscape Maintenance 

 

The area around PH1-2 and 

PH2-2 is not fully filled in 

with soil.   

 

 

Grass is properly cut and does 

not represent a problem to the 

array.  

 

Trees on the North West end 

of the array cast shade late on 

the afternoon. 

 

The array is located on clay 

soil. During the rainy season 

it might hold water and make 

access difficult. Soil might 

also transfer to the panels 

decreasing energy production. 

 

Fill in to prevent water accumulation and unsafe 

walking locations in the array. 

 

 

 

 

 

 

 

Trim Trees to prevent future problems with energy 

production. In the future tree shade in the vicinity 

could become a problem 

 

Create gravel access road. 

Enclosures  All the enclosures were in 

good condition and wiped 

down with a clean rag. 

 

 

Trackers Misalignment from one end of 

torque tube to the other 

measured at up to 2 degrees 

using Solaria’s tracker 

alignment measuring tool. 

 

Torque was checked on 

approx 5% of module 

mounting bolts.  No issues 

found. 

 

Modules Bird feces was present on 

parts of the array.  

 

 

 

 No Shattered modules were 

found in the array.  

 

Infrared images detected hot 

cells on PH1-1  

  

 

 

Mapping and scanning of the whole array is been 

scheduled for a later day. 
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Test ResultsTest ResultsTest ResultsTest Results    

 

Phase 1 

 
Inverter Serial # Pac Vpv Etotal Grid V Mpp Strings  

  Model         L1 L2   String # V A 

1 SB10000 2001 620 706 8322 391 7735 125 120 ok 1 477.8 5.6 

  

        

2 469.4 4.8 

  

        

3 467.9 5.3 

  

        

4 462.9 4.7 

2a SB5000 2001 458 045 4563 323 4131 125 119 ok 3 404 7.1 

                  4 405.7 7 

2b SB5000 2001 457 640 4248 380 3820 123 121 ok 1 465.5 3.9 

  

        

2 468.8 4.3 

3 SB10000 2001 620 492 8454 386 7964 121 122 ok 1 480.3 5.6 

  

        

2 475.2 5.4 

  

        

3 473.7 5.7 

                  4 468.3 5.4 

4 SB10000 2001 149 884 8448 381 7378 125 123 ok 1 471.4 4.5 

  

        

2 469.5 4.2 

  

        

3 471.5 4.1 

  

        

4 478 4.6 

5 SB10000 2001 586 055 8214 390 7298 124 118 ok 1 469.7 4.2 

  

        

2 473.4 5.2 

  

        

3 474.8 4.5 

                  4 467.4 3.6 

6 SB5000 2001 457 713 4053 385 3683 122 122 ok 1 473.1 4.9 

                  2 466.5 3.8 
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Phase 2Phase 2Phase 2Phase 2    

Inverter Serial # Pac Vpv Etotal Grid V Mpp Strings  Time Weather 

  Model         L1 L2   

String 

# 
Volts Amps     

1a SB5000 2001 458 057 254 313 3598 119 121 ok 1 397.5 0.9     

                  2 394.2 0.8     

1b SB5000 2001 456 490 251 350 3494 120 119 ok 1 394.3 0.9     

                  2 395.2 0.8     

2a SB5000 2001 514 206 285 316 2947 119 118 ok 1 398.7 0.8 10:44 cloudy 

  

        

2 397.7 0.9     

2b SB5000 2001 436 134 283 321 3028 118 120 ok 1 400.6 0.8     

                  2 400.4 0.7     

3a SB5000 2001 513 974 267 312 2957 117 121 ok 1 397.7 2.1 11:15 sunny 

  

        

2 393 1.9    cloudy 

3b SB5000 2001 513 977 278 322 2955 118 119 ok 1 394 4.2     

                  2 392.7 7.5     

4a SB5000 2001 457 572 275 315 2908 120 120 ok 1 408 1.1 11:43 cloudy 

  

        

2 404 1.2     

4b SB5000 2001 436 119 282 330 2988 120 121 ok 1 410.5 1.1     

                  2 410 1.2     

5a SB5000 2001 436 124 452 288 3096 120 120 ok 1 350.3 4.8 12.06   

  

        

2 349.3 6.9     

5b SB5000 2001 459 547 270 329 2961 121 120 ok 1 398 2.3     

                  2 396.4 2.2     

6 SB5000 2001 458 022 273 327 3852 118 119 ok 1 408.6 2.8 1:00 cloudy 

  

        

2 407.8 3.3     

7 SB5000 2001 513 800  314 319 2923 118 120 ok 1 404.3 2.2     

                  2 403 2.1     
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Array and Equipment ImagesArray and Equipment ImagesArray and Equipment ImagesArray and Equipment Images            
 

       

 
 

Tracker in operation              Recording data 

 

 
 

Burned conductor in inverter PH1-5            Burned conductor and terminal in disconnect PH1-3 
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Inverter infrared images with close up to hotter areas of the inverters 

 

 

 
IR000851.IS2 
7/6/2011 10:25:04 AM 
 

 
Visible Light Image 

 

Image Info 
Background temperature 71.6°F 

Emissivity 0.95 

Image Range 37.3°F to 146.1°F 

Camera Model Ti10 

Image Time 7/6/2011 10:25:04 AM 

Calibration Range -13.0°F to 257.0°F 

 

 
IR000852.IS2 
7/6/2011 10:40:20 AM 
 

 
Visible Light Image 

 

Image Info 
Background temperature 71.6°F 

Emissivity 0.95 
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Image Range 40.4°F to 207.8°F 

Camera Model Ti10 

Image Time 7/6/2011 10:40:20 AM 

Calibration Range -13.0°F to 257.0°F 

 

 

 
IR000855.IS2 
7/6/2011 10:40:54 AM 
 

 
Visible Light Image 

 

Image Info 
Background temperature 71.6°F 

Emissivity 0.95 

Image Range 52.1°F to 203.4°F 

Camera Model Ti10 

Image Time 7/6/2011 10:40:54 AM 

Calibration Range -13.0°F to 257.0°F 

 

 
IR000856.IS2 
7/6/2011 10:41:02 AM 
 

 
Visible Light Image 

 

Image Info 
Background temperature 71.6°F 

Emissivity 0.95 
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Image Range 48.0°F to 203.6°F 

Camera Model Ti10 

Image Time 7/6/2011 10:41:02 AM 

Calibration Range -13.0°F to 257.0°F 

 
 

Contact 
 
 

If you have questions or comments, please contact us at the following location: 

 

 

 

 

 

Next Phase Solar, Inc. 
1316 Berkeley Way, 

Berkeley, CA 94702 

(510) 842-6319 

info@nextphasesolar.com 

 www.nextphasesolar.com      

        Maximizing peace of mind™ 
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Solaria Headquarters Test Facility Commissioning 
Transfer of Sandia Solar Irradiance Calibrations 

Summary 
D. L. King May 5, 2011 

 
 
Objective: 
The objective of this effort was to provide system-level solar irradiance calibration comparisons for all 
sensors in the Solaria headquarters facility relative to secondary standard instruments on loan from the 
Photovoltaic Systems Evaluation Laboratory at Sandia National Laboratories. Calibrations for the Sandia 
instruments were traceable to the World Radiometric Reference (WRR) supported by the World 
Radiation Center in Davos, Switzerland, with periodic recalibrations conducted at the National 
Renewable Energy Laboratory (NREL). Accuracy of solar irradiance measurements in the Solaria facility 
is critical because the uncertainty in measured power ratings and system performance ratios is directly 
related to the accuracy of these irradiance measurements. (See letter report to Raphael Varieras, dated 
May 5, 2011, for a more detailed calibration report.) 
 
Procedure: 
The field calibration transfer procedure involved basically three steps; (1) an initial comparison of 
irradiance measurements by the traveling secondary standard instruments (Eppley pyrheliometer 
#18648E6 and Eppley PSP pyranometer #18530F3) versus the Sandia facility working standard 
instruments (Kipp&Zonen CH-1 pyrheliometer #990203 and Eppley PSP pyranometer #20710F3), (2) a 
direct comparison between irradiance measurements using the traveling secondary standard instruments 
and the irradiance measurements provided by the Solaria instruments as read by their associated data 
acquisition systems, and (3) a final comparison between the traveling instruments and the Sandia facility 
instruments to verify they remained stable during the test period. The field test procedure provided a 
“system-level” calibration comparison for Solaria instruments including associated wiring and data 
acquisition equipment. For consistency and repeatability, the same Fluke 289 high-resolution recording 
voltmeter (#97750138) was used to measure the traveling secondary instruments at both Sandia and 
Solaria. For each irradiance sensor in the Solaria HQ facility, the Fluke meter recorded simultaneous 
comparative measurements from the appropriate traveling instrument over multiple 5-min intervals during 
nominally clear sky test conditions. Figures 1 and 2 illustrate solar irradiance instruments at Sandia and 
Solaria HQ. Table 1 summarizes all the instruments involved in the calibration comparison.  
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Left, solar instrument calibration station at Sandia National Laboratories; the traveling Eppley 
pyranometer and Eppley pyrheliometer are at bottom of photo.  Right, Kipp&Zonen Solys2 tracker at 
Solaria with multiple solar irradiance sensors.  

DK Solar Works 
3 Penasco Road 

Albuquerque, New Mexico 87123 
davidkingpv@gmail.com 

 
PV System Performance 



 

 
 

Figure 2: Left, Solaria pyranometer and pyrheliometer mounted on Wattsun tracker used for module 
production engineering tests. Right, traveling pyranometer and Solaria pyranometer mounted on torque 
tube of a horizontal single-axis trackers (Row 3N) in the 58-kW system at Solaria HQ; the same tracker 
was also equipped with two Licor LI-200X silicon-photodiode pyranometers. 
 

Table 1: Summary of the instrument types, serial numbers, and data acquisition systems. 

 
 
Results: 
The initial (4/15/2011) and final (4/28/2011) comparison measurements between the traveling instruments 
and the Sandia facility working standard pyrheliometer and pyranometer indicated that the combination of 
the Fluke 289 meter and the traveling instruments provided an accurate and repeatable procedure for field 
transfer of irradiance calibrations. All irradiance measurements from the traveling instruments on these 
two dates agreed within less than 1.2% of the Sandia facility standards. (Typical calibration uncertainty 
for pyrheliometers is about ±1.5%, and for tracking pyranometers about ±2.0%.) 
 
Table 2 summarizes the calibration comparisons for all of the Solaria instruments evaluated. The 
following conclusions resulted from the comparisons: 

• In general, the calibrations of all solar irradiance measurements at Solaria were as good or better 
than can be expected, with one exception. The exception was the channel in the EKO curve tracer 
equipment used to measure global normal irradiance (GNI), giving consistently low readings. 
Initial diagnosis indicated the problem was in the wiring or the calibration of the specific EKO 
measurement channel, not in the calibration of the pyranometer itself. 

• DNI measurements from the two K&Z CHP1 pyrheliometers at Solaria, one in the weather 
station and the other used by the EKO curve tracer system, were in excellent agreement with the 
Sandia traveling secondary standard, agreeing within less than 1% in all cases. 

Instrument Serial No. Recorder Location
Sandia Eppley NIP 18648E6 Fluke 289 Wattsun solar tracker
Sandia Eppley PSP 18530F3 Fluke 289 Wattsun solar tracker
Sandia EETS RC RC/0690 Fluke 289 Wattsun solar tracker
Solaria Eppley PSP 35231F3 Fluke 289 Wattsun solar tracker
Solaria Eppley PSP 20694F3 EKO MP-160 Wattsun solar tracker
Solaria K&Z CHP1 100406 EKO MP-160 Wattsun solar tracker
Solaria K&Z CHP1 100927 Campbell CR1000 K&Z SOLYS2 tracker
Solaria K&Z CMP11 102870 Campbell CR1000 K&Z SOLYS2 tracker
Solaria K&Z CMP11 102871 Campbell CR1000 K&Z SOLYS2 tracker
Solaria K&Z CMP6 111823 Facility DAS AT HSAT tracker, 3N
Solaria Licor LI-200X PY69740 Facility DAS AT HSAT tracker, West
Solaria Licor LI-200X PY697xx Facility DAS AT HSAT tracker, East



•  The K&Z CMP11 pyranometer (#102870) used to measure GNI in the Solaria solar resource and 
weather station agreed with the Sandia traveling secondary standard within 0.2%. 

• When measured using the Fluke 289 meter, both of the Eppley PSP pyranometers (#20694F3 and 
#35231F3) on the module engineering test station agreed well with both the Sandia traveling 
secondary standard PSP and the K&Z CMP11 in the Solaria weather station.  

• The K&Z CMP6 pyranometer used to measure global plane-of-array irradiance for the horizontal 
single-axis tracking system agreed within less than 1%. The two Licor LI-200X silicon-
photodiode pyranometers also agreed within less than 2%, and their disagreement was in the 
direction consistent with the influence of the prevailing solar spectral conditions. 

 
Table 2: Comparison of Solaria solar irradiance measurements relative to traveling standard instruments 
on loan from Sandia National Laboratories, average difference for all data on each day.  

 
 
Copy to: 
Solaria Kevin Gibson 
Solaria Abhay Mahashwari 
Solaria Ronnie Mack 
Solaria Tyroan Hardy 
Solaria Todd Phillips 

Direct Normal Irradiance Calib. Difference (%)
Instrument Recorder 4/19/2011 4/21/2011

Solaria K&Z CHP1 #100406 EKO MP-160 0.9 0.7
Solaria K&Z CHP1 #100927 CR1000 0.2 0.9

Global Normal Irradiance Calib. Difference (%)
Instrument 4/19/2011 4/21/2011

Solaria K&Z CMP11 #102870 CR1000 0.2
Solaria Eppley PSP #20694F3 EKO MP-160 -8.1
Solaria Eppley PSP #20694F3 Fluke 289 0.7

Solaria Eppley PSP #35231F3 Fluke 289 -0.7
Solaria Eppley PSP #35231F3 EKO MP-160 -2.0

Global POA Irradiance Calib. Difference (%)
Instrument 4/19/2011 4/21/2011

Solaria K&Z CMP6 #111823 Facility DAS -0.8
Solaria Licor LI-200X #PY69740 W Facility DAS -1.7
Solaria Licor LI-200X #PY697xx E Facility DAS -1.3
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May 5, 2011 

 

Raphael Varieras  

Solaria Corporation 

6200 Paseo Padre Pkwy 

Fremont, CA  94555 

 

Subject: Solaria Test Facility Commissioning - Transfer of Sandia Irradiance Calibrations  

 

Dear Raphael, 

 

The objective of this effort was to provide a system-level solar irradiance calibration at Solaria, resulting 

in the Solaria facility irradiance sensors synchronized to the working standard instruments in the 

Photovoltaic Systems Evaluation Laboratory at Sandia National Laboratories. Initial measurements using 

traveling secondary standards were conducted at Sandia on 4/15/2011, then at Solaria on 4/19/2011 and 

4/21/201, and again at Sandia on 4/28/2011 for complete closure of the test sequence. The calibration 

procedure resulted in a field verification of direct normal irradiance (DNI) and global normal irradiance 

(GNI) calibrations from traceable standards at Sandia National Laboratories to instruments in Solaria’s 

outdoor photovoltaic testing facility. Secondary standard instruments on loan from Sandia National 

Laboratories were used to transfer the calibrations; Eppley NIP pyrheliometer #18648E6 and Eppley PSP 

pyranometer #18530F3. A calibrated silicon reference cell EETS #RC/690 from Sandia was also included 

in the measurement comparisons. 

 

 
 

Figure 1:  Solar instrument calibration station at Sandia National Laboratories on 4/15/2011; the Eppley 

PSP and Eppley NIP at bottom of photo were used to verify calibrations at Solaria outdoor testing facility. 
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Figure 2: Solaria and Sandia solar irradiance instruments mounted on Solaria Production Test 

Engineering tracker on 4/21/2011.  Sandia’s instruments are the three at upper right in the photo. The 

instruments typically used for module testing at Solaria are the Eppley PSP pyranometer (#20694F3) and 

Kipp&Zonen CHP1 pyrheliometer (#100406) at upper left in the photo. 

 

 

 
 

Figure 3: Solaria meteorological station including Kipp & Zonen Solys2 solar tracker equipped with 

CHP1 pyrheliometer (#100927) with temperature compensation for direct normal irradiance, a CMP11 

pyranometer (#102870) for global normal irradiance, and a shaded CMP11 pyranometer (#102871) for 

diffuse horizontal irradiance measurements. 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

Figure 4: Sandia standard Eppley PSP pyranometer mounted adjacent to Solaria Kipp&Zonen CMP6 

pyranometer (#111823) for plane-of-array irradiance measurements on north end of Row 3N in a 58-kW 

array of Solaria modules mounted on Array Technologies horizontal single-axis trackers (HSAT). The 3N 

array was also equipped with two Licor LI-200X silicon-photodiode pyranometers, one on West 

(#PY69740) and one on East (#PY697xx) edge of the array. 

 

 

Procedure 

 

The field calibration transfer procedure involved basically two steps; (1) an initial comparison of 

irradiance measurements from the traveling secondary standard instruments with Sandia’s facility 

working standard instruments (Kipp&Zonen CH-1 #990203, and Eppley PSP pyranometer #20710F3) 

followed by a second comparison after the trip to Solaria for complete closure, and (2) a direct 

comparison at Solaria between irradiance measurements using the Sandia secondary standard instruments 

and the irradiance measurements provided by the Solaria instruments as read by their associated data 

acquisition systems. Thus, the procedure provided a system-level calibration comparison.  For 

consistency the same Fluke 289 (#97750138) high-resolution recording voltmeter was used to measure 

the Sandia secondary instruments at both Sandia and Solaria. The Fluke meter sampled rapidly and 

recorded 5-sec averages at 5-min intervals during the test periods.      

 

Initial and Final Calibration Comparison for Traveling Instruments at Sandia 

 

The secondary standard instruments on loan from Sandia National Laboratories had a long calibration 

history and had been recently calibrated by Sandia. The calibration for the Eppley pyrheliometer 

#18648E6 was provided as a function of ambient temperature. The calibration for the Eppley PSP 

pyranometer #18530F3 was provided as a function of the solar angle-of-incidence. Sandia’s calibration 

Traceability Statement is appended to this report. The initial and final comparison of these instruments, 

measured with the Fluke 289 meter and using their stated calibration values, verified that the indicated 

irradiance values agreed very closely with the irradiance measurements provided by the Sandia facility 

working standard instruments.   

 



Figure 5 shows the comparison of the traveling instruments with Sandia working standard instruments as 

measured on 4/15/2011, prior to the trip to Solaria. Also shown in this figure is the comparison between 

the EETS RC/0690 silicon reference cell and the Sandia PRC #980512-1 primary silicon reference cell. 

The silicon reference cells were expected to read lower than the thermopile pyranometers due to solar 

spectral conditions present at the time of the test; the pressure-adjusted air mass was 1.0 instead of the 1.5 

condition where the reference cells were calibrated. 

 

 
 

Figure 5:  Left, comparison of traveling secondary standard Eppley NIP pyrheliometer with Sandia’s 

facility working standard instruments prior to trip to Solaria. Right, similar comparison for traveling 

Eppley PSP pyranometer compared to Sandia working standard. Silicon reference cells were also 

compared at AMa=1 condition.  

 

 

Figure 6 shows the similar comparisons for the same traveling pyrheliometer and pyranometer at Sandia 

using the same Fluke meter on 4/28/2011, after the trip to Solaria. This replicate comparison with the 

Sandia facility working standards provided an estimate for the repeatability and accuracy of the entire 

transfer calibration process. 

 

Table 1 provides a summary of the average irradiance values and differences between Sandia facility 

working standards and traveling secondary standards for all the 5-min intervals used for comparison 

measurements, along with an estimate for calibration uncertainty in each instrument.  The results showed 

that calibration accuracy for the traveling instruments was maintained during the trip, and that the 

calibration of the traveling instruments was well within the expected calibration uncertainty.  

 

 

 

 

 

 

 

 

 

 



 

 

Figure 6:  Left, comparison of traveling Eppley NIP pyrheliometer with Sandia working standards 

following trip to Solaria, during very clear sky conditions. Right, comparison of traveling Eppley PSP 

pyranometer with Sandia working standard, after trip to Solaria.  

 

 

Table 1: Comparison of irradiance measurements between Sandia working standards and traveling 

secondary standards used for Solaria field calibration. Differences between measurements, both before 

and after trip to Solaria are shown, along with estimated calibration uncertainty in each instrument. The 

table also includes DNI measurements from an auxiliary Eppley NIP in Sandia’s weather system. 

 

 
 

 

 

 

 

Diff Uncert

Date Instrument 13:55 MST 14:17 MST (%) ±(%)
4/15/2011 Sandia CH1 #990203 959.4 935.3 1.0

4/15/2011 Sandia Eppley NIP Aux. 959.0 933.2 1.5

4/15/2011 Traveling Eppley NIP #18648E6 970.6 946.7 1.2 1.5

12:59 MST 13:29 MST 13:42 MST

4/28/2011 Sandia CH1 #990203 1058.1 1044.5 1041.0 1.0

4/28/2011 Sandia Eppley NIP Aux. 1055.7 1038.5 1038.2 1.5

4/28/2011 Traveling Eppley NIP #18648E6 1056.7 1040.5 1036.7 -0.3 1.5

Diff Uncert

Date Instrument 13:37 MST 14:02 MST (%) ±(%)
4/15/2011 Sandia Eppley PSP #20710F3 1145.1 1113.3 2.0

4/15/2011 Sandia Eppley PSP Aux. 1138.2 1110.0 2.0

4/15/2011 Traveling Eppley #18648E6 1157.8 1125.3 1.1 2.0

13:06 MST 13:23 MST 13:48 MST

4/28/2011 Sandia Eppley PSP #20710F3 1135.7 1125.8 1122.1 2.0

4/28/2011 Sandia Eppley PSP Aux. N/A N/A N/A 2.0

4/28/2011 Traveling Eppley #18648E6 1131.1 1122.2 1116.2 -0.4 2.0

Direct Irradiance (W/m
2
)

Global Irradiance (W/m
2
)



 

Comparison of Solaria Irradiance Measurements with Sandia Standard Instruments 

 

Although intermittent clouds were present during the test period, the first comparison of irradiance 

measurements between Sandia and Solaria instruments was conducted on 4/19/2011. The Sandia 

instruments were mounted on the Wattsun AZ-225 solar tracker (#16215) used by Solaria’s Production 

Test Engineering department, as previously shown in Figure 2. The control system for the Wattsun 

tracker had been upgraded by Precision Solar Technologies to provide both azimuth and elevation 

tracking accuracy of better than ±1 degree. 

 

Table 2 summarizes the instruments and data acquisition systems used for comparison measurements. The 

Fluke 289 high-resolution voltmeter was used to record 5-sec averages over a period of 5 minutes for 

each of the instruments. The EKO MP-160 curve tracer equipment recorded data at 40-sec intervals and 

the Campbell CR-1000 was configured to record data at 5-sec intervals.  

 

Table 2: Summary of the instrument types, serial numbers, and data acquisition systems used during field 

comparison of irradiance measurements.   

 

 
 

Figures 7 shows the measurement comparisons between the Solaria instruments associated with the 

facility solar resource and meteorological system and the Sandia traveling standard instruments. Data 

from the auxiliary Solaria Eppley PSP (#35231F3) as recorded by the Fluke 289 meter are also shown in 

the chart. Even though the sky conditions were not ideal, all Solaria instruments visually agreed well with 

the Sandia traveling secondary instruments.  

 

Figure 8 shows a similar comparison but in this case the direct normal irradiance (DNI) and the global 

normal irradiance (GNI) as recorded using the EKO curve tracker system are shown. The direct normal 

irradiance as recorded by the EKO system using the K&Z CHP1 (#100406) pyrheliometer agreed well 

with the Sandia traveling standard. However, the global normal irradiance recorded by the EKO system 

using the Eppley PSP (#20694F3) pyranometer gave reading significantly lower (6 to 8%) than both the 

Sandia instruments and the global normal measurement provided by the Solaria meteorological system.  

This discrepancy was investigated on a second day of testing, 4/21/2011. 

 

Tables 3, 4, and 5 quantify the results illustrated in the these figures, giving the average irradiance during 

each 5-min comparison interval, the percent difference from the device chosen as the reference, and an 

approximate estimate for the expected calibration uncertainty for each instrument in the mode it is 

currently being used, i.e. on a solar tracker measuring at a solar angle-of-incidence near zero degrees. 

 

 

Instrument Serial No. Recorder Comment

Sandia Eppley NIP 18648E6 Fluke 289 Wattsun solar tracker

Sandia Eppley PSP 18530F3 Fluke 289 Wattsun solar tracker

Sandia EETS RC RC/0690 Fluke 289 Wattsun solar tracker

Solaria Eppley PSP 35231F3 Fluke 289 Wattsun solar tracker

Solaria Eppley PSP 20694F3 EKO MP-160 Wattsun solar tracker

Solaria KZ CHP1 100406 EKO MP-160 Wattsun solar tracker

Solaria KZ CHP1 100927 Campbell CR1000 KZ SOLYS2 tracker

Solaria KZ CMP11 102870 Campbell CR1000 KZ SOLYS2 tracker

Solaria KZ CMP11 102871 Campbell CR1000 KZ SOLYS2 tracker

Solaria KZ CMP6 111823 Facility AT HSAT tracker, 3N

Solaria Licor LI-200X PY69740 Facility AT HSAT tracker, West

Solaria Licor LI-200X PY697xx Facility AT HSAT tracker, East



 

 

 

 

 

 
Figure 7: Comparison of irradiance measurements recorded by the Solaria meteorological data system 

versus measurements from Sandia traveling secondary standard instruments (dots), on 4/19/2011. 

 



 
Figure 8: Comparison of irradiance measurements recorded by the Solaria EKO curve tracer system 

versus measurements from Sandia traveling secondary standard instruments (dots), on 4/19/2011. 

 
Figure 9: Comparison of irradiance measurements recorded by the Solaria meteorological data system 

versus measurements from Sandia traveling secondary standard instruments (dots), on 4/21/2011.  



 
Figure 10: Comparison of irradiance measurements recorded by the Solaria instruments mounted on the 

Array Technologies horizontal single-axis tracker (HSAT), third row from the East, versus measurements 

from the Sandia traveling secondary standard pyranometer (dots), on 4/21/2011.  

 

 

 

Table 3: Comparison and field calibration of two Kipp & Zonen CHP1 pyrheliometers, at Solaria, on two 

different days relative to a traveling secondary standard Eppley pyrheliometer from Sandia National 

Laboratories. The Sandia device was used as the reference (R) in calculating percent differences. The KZ 

CHP1 #100927 was equipped with a temperature compensation provision which was applied on the 

second day of testing but not the first day. An estimate of the calibration uncertainty of each device is also 

given in the table. 

 

 
 

  

Diff Uncert

Date Instrument 14:13 PDT 14:43 PDT 15:12 PDT (%) ±(%)

4/19/2011 Solaria KZ CHP1 #100406 EKO 940.2 559.6 815.6 0.9 1.5

4/19/2011 Solaria KZ CHP1 #100927 941.1 553.1 806.3 0.2 1.5

4/19/2011 Traveling Eppley NIP #18648E6 934.4 557.5 803.4 R 1.5

11:41PDT 12:52 PDT

4/21/2011 Solaria KZ CHP1 #100406 EKO 903.4 955.2 0.7 1.5

4/21/2011 Solaria KZ CHP1 #100927 N/A 959.6 0.9 1.5

4/21/2011 Traveling Eppley NIP #18648E6 895.7 950.6 R 1.5

Direct Normal Irradiance (W/m
2
)



 

Table 4: Comparison and field calibration of one Kipp & Zonen CMP11 and two Eppley PSP 

pyranometers at Solaria on two different days relative to a traveling secondary standard Eppley PSP 

pyranometer and a silicon reference cell from Sandia National Laboratories. The reference device (R) 

used for calculating percent difference is indicated in each case.   

 

 
 

 

Table 5: Comparison and field calibration of one Kipp & Zonen CMP6 and two Licor LI-200X 

pyranometers, at Solaria, on two different days relative to a traveling secondary standard Eppley PSP 

pyranometer from Sandia National Laboratories. Instruments were mounted on a horizontal single-axis 

tracker to measure global plane-of-array irradiance. During this test period the solar AOI was 

approximately 24 degrees and pressure-correct air mass was 1.15. The Licor silicon-photodiode 

pyranometers would be expected to read slightly lower than the thermopile K&Z pyranometer at this air 

mass condition.  

 

 
 

 

 

 

 

 

 

Diff Uncert

Date Instrument 14:19 PDT 14:51 PDT 15:19 PDT (%) ±(%)

4/19/2011 Solaria Eppley PSP #20694F3 EKO 861.5 980.3 939.3 -8.1 2.0

4/19/2011 Solaria KZ CMP11 #102870 961.7 1056.5 1038.0 1.0 2.0

4/19/2011 Traveling Eppley PSP #18530F3 961.7 1043.9 1021.3 R 2.0

14:29 PDT 14:58 PDT 15:27 PDT

4/19/2011 Solaria Eppley PSP #20694F3 EKO 687.7 836.3 672.3 -6.8 2.0

4/19/2011 Solaria Eppley PSP #35231F3 732.7 863.4 740.1 -0.9 2.0

4/19/2011 Solaria KZ CMP11 #102870 733.5 879.4 744.9 R 2.0

14:36 PDT 15:05 PDT 15:34 PDT

4/19/2011 Sandia EETS RC/0690 1117.6 663.1 735.1 0.4 2.0

4/19/2011 Solaria Eppley PSP #20694F3 EKO 1046.2 N/A N/A -6.5 2.0

4/19/2011 Solaria KZ CMP11 #102870 1119.0 653.1 734.7 R 2.0

11:56PDT 12:26 PDT 12:58 PDT

4/21/2011 Solaria Eppley PSP #35231F3 EKO N/A 1038.9 1055.5 -2.0 2.0

4/21/2011 Solaria KZ CMP11 #102870 N/A N/A 1078.8 0.2 2.0

4/21/2011 Traveling Eppley PSP #18530F3 1060.0 1060.3 1076.3 R 2.0

12:07PDT 12:13 PDT 12:41 PDT

4/21/2011 Solaria Eppley PSP #35231F3 EKO N/A 1018.4 1062.2 -1.8 2.0

4/21/2011 Solaria Eppley PSP #20694F3 1035.1 1047.9 1087.0 0.5 2.0

4/21/2011 Solaria KZ CMP11 #102870 N/A N/A 1081.4 R 2.0

11:50 PDT 12:33 PDT 13:39 PDT

4/21/2011 Sandia EETS RC/0690 1083.0 1076.4 1076.7 R 2.0

4/21/2011 Solaria Eppley PSP #35231F3 EKO 1068.7 1054.3 1048 -2.0 2.0

4/21/2011 Solaria KZ CMP11 #102870 N/A 1074.8 1078.1 0.0 2.0

Global Normal Irradiance (W/m
2
)

Diff Uncert

Date Instrument 14:06 PDT 14:12 PDT 14:35 PDT (%) ±(%)
4/21/2011 Solaria KZ CMP6 #111823 964.7 964.0 967.5 -0.8 2.5

4/21/2011 Solaria Licor LI-200X #PY69740 W 953.3 953.8 964.3 -1.7 2.5

4/21/2011 Solaria Licor LI-200X #PY697xx E 957.5 958.0 967.7 -1.3 2.5

4/21/2011 Traveling Eppley PSP #18530F3 973.3 971.3 975.9 R 2.0

Global POA Irradiance (W/m
2
)



 

Conclusions 

 

Although the weather conditions were not ideal, a thorough system-level calibration comparison was 

completed, providing a direct indication of the calibration accuracy of all the solar irradiance sensors 

currently used by Solaria in their outdoor module testing (Product Test Engineering) station and the 

Solaria solar resource and meteorological monitoring system, as well as sensors mounted on one of the 

horizontal single-axis trackers in the 58-kW PV system providing power to the Solaria facility. The 

conclusions and recommendations are the following: 

 

1. In general, the calibration of all solar irradiance measurements at Solaria was as good as or better 

than can be expected, with one exception. The exception was the channel in the EKO curve tracer 

equipment used to measure global normal irradiance (GNI), giving consistently low readings. 

Switching pyranometers on this channel seemed to indicate that the calibration of the EKO 

channel used to measure voltage from this instrument needs to be verified. A separate EKO 

channel used to measure voltage from a different instrument (K&Z CHP1 pyrheliometer) was 

working correctly. 

2. DNI measurements from the two K&Z CHP1 pyrheliometers at Solaria, one in the weather 

station and the other used by the EKO curve tracer system, were in excellent agreement with the 

Sandia secondary standard, agreeing within less than 1% in all cases. 

3.  The K&Z CMP11 pyranometer used to measure GNI in the Solaria solar resource and weather 

station was also in excellent agreement with the Sandia secondary standard, agreeing within less 

than 1.5% in all cases. 

4. When measured using the Fluke 289 meter, both of the Eppley PSP pyranometers (#20694F3 and 

#35231F3) on the module testing station agreed well with both the Sandia secondary standard 

PSP and the K&Z CMP11 in the Solaria weather station. This also suggested that the EKO 

voltmeter calibration should be verified. After calibration of the EKO hardware, the EKO 

measurements for GNI should be compared to readings from the KZ CMP11 pyranometer on the 

Solaria weather station. 

5. The system-level calibration of the sensors used to measure plane-of-array solar irradiance 

associated with the 58-kW horizontal single-axis tracking system were also in excellent 

agreement with the Sandia secondary standard. The K&Z CMP6 pyranometer measurements 

agreed within less than 1%. The two Licor LI-200X silicon-photodiode pyranometers agreed 

within less than 2%, and their disagreement was in the direction consistent with solar spectral 

conditions different from the AM1.5 at which they were calibrated. 

 

 

Regards, 

 

 
David L. King 
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Solaria Kevin Gibson 
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Sandia W. E. Boyson 

Sandia   J. E. Granata 

  



 
 

 

 

 

 

 

 

Traceability Statement 
Photovoltaic Systems Evaluation Laboratory 

Sandia National Laboratories 

 
Pyranometer and Pyrheliometer Calibrations 
 

Pyranometer and pyrheliometer calibrations by the Photovoltaic Systems Evaluation Laboratory (PSEL) 

at Sandia National Laboratories are performed in a manner consistent with applicable ASTM test 

methods, and are traceable to the World Radiometric Reference (WRR) supported by the World Radiation 

Center in Davos, Switzerland. Sandia maintains three absolute cavity radiometers that have all been 

calibrated during international intercomparisons. Two absolute cavity radiometers are used at the PSEL; 

one was manufactured by Technical Measurements Incorporated, Model MK-VI (s/n 67603) and the other 

by Eppley AHF (Hickey/Frieden, s/n 31108), both are maintained by Sandia’s Primary Standards 
Laboratory. The TMI and the AHF instruments were calibrated through the international NREL 

Pyrheliometer Comparisons conducted in September 2009; both instruments were within 0.2% of the 

WRR reference instruments. Previous intercomparisons for the TMI and AHF were conducted in 

10/2008, 10/2007, 10/2006, and many years prior. In addition, the radiometer’s calibrations have been 

checked annually since 1980 using a laser light source and a Scientech (s/n 356) laser power meter with 

calibration traceable to the National Institute for Standards and Technology (NIST). A secondary 

reference standard Kipp & Zonen CM21 pyranometer (s/n 980505) and a secondary reference standard 

Kipp & Zonen CH-1 pyrheliometer (s/n 990202), serve as the working standards for our calibrations of 

other instruments. Another Eppley PSP (s/n 24149F3) is shaded with a moving disk for diffuse irradiance 

measurements. All the radiometric instruments are calibrated relative to the absolute cavity radiometer. 

All voltmeters are calibrated annually with traceability to NIST through Sandia’s Primary Standards 

Laboratory. Temperature check standard is calibrated annually with traceability to NIST through Sandia’s 

Primary Standards Laboratory. 

 

Photovoltaic Module Calibrations 
 

Photovoltaic module calibrations and performance measurements by the Photovoltaic Systems Evaluation 

Laboratory are performed in accordance with applicable ASTM test methods, and are traceable to the 

World Radiation Reference. Traceability is established through secondary reference Kipp & Zonen 

pyranometers or pyrheliometers calibrated with our TMI MK-VI absolute cavity radiometer, or through 

secondary silicon reference cells (PRC3 or PRC5) calibrated at the National Renewable Energy 

Laboratory in February 2008 and November 2009, respectively. Our primary silicon reference cells have 

traceability to the WRR through calibration at the National Renewable Energy Laboratory relative to their 

absolute cavity radiometer. All voltmeters are calibrated annually with traceability to NIST through 

Sandia’s Primary Standards Laboratory. Temperature check standard is calibrated annually with 

traceability to NIST through Sandia’s Primary Standards Laboratory. The LI-COR LI-1800 spectral 

radiometer used to measure the outdoor solar spectrum during tests is calibrated annually by LI-COR 

Incorporated with calibration traceable to NIST through their secondary FEL lamps. 



 

 

Traceability Statement 
Photovoltaic Device Measurement Laboratory 

Sandia National Laboratories 

 
Photovoltaic Reference Cell Calibrations 
 

Photovoltaic secondary reference cell calibrations by Sandia’s Photovoltaic Device Measurement 

Laboratory (PDML) are performed in accordance with applicable ASTM test methods using a Class-AAA 

Spectrolab XT-10 solar simulator, and are traceable to the World Radiometric Reference through primary 

reference cell calibrations performed by the National Renewable Energy Laboratory (NREL). Our 

primary silicon reference cell (PRC-980512-1) was most recently calibrated at NREL in February 2008, 

and was originally calibrated in March 1999 by NREL as part of the “World Photovoltaic Scale (WPVS)” 

international calibration effort for the ASTM AM1.5 global spectrum.
2
 Transfer calibrations for PRC-

980512-1 were performed to obtain calibrations for the AM1.5 direct spectrum. Other primary silicon 

reference cells (PRC-980512-2 and MK-25) were calibrated at NREL in November 2009 relative to their 

absolute cavity radiometer. All resistors, temperature references, and voltmeters used to conduct cell 

calibrations are calibrated annually with traceability to NIST through Sandia’s Primary Standards 

Laboratory. The LI-COR LI-1800 spectral radiometer used to measure the spectrum of the XT-10 solar 

simulator is calibrated annually at the factory with calibration traceable to NIST using secondary FEL 

lamps. 

 

For space photovoltaic applications, the PDML also maintains silicon (s/n REF Si-1) and GaAs (s/n 

ASEC GaAs-24 and s/n GaAs-1-13605) reference cells calibrated for air mass zero (AM0) by NASA-

Lewis during high-altitude aircraft flights, and silicon reference cells (s/n SNL-Si-93-132) calibrated for 

AM0 by the Jet Propulsion Laboratory during high-altitude balloon flights. However, these calibrations 

have not been renewed. Therefore, any testing for the AM0 spectrum has greater uncertainty than for 

AM1.5. 
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