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Motivation for Field Deployment 

2 

• Field deployment is a key aspect of 
confirming the durability of new 
module materials and module 
designs 

• Support DuraMat capabilities: 
• Accelerated Module Testing - 

Validates the results by confirming 
the field relevance of degradation 
mechanisms and acceleration 
factors 

• Predictive Simulation and 
Materials Discovery - 
Demonstrates the bankability of 
new materials  

• Facilitates technology transfer and 
commercialization of the most 
promising materials 



Approach: Leverage DOE-RTCs 
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Project Synergies 

4 

PV Lifetime 
• Assess lifetime and durability of commercially available PV 

modules.  
• Multi-year, multi-climate effort conducted at the RTC’s 
• Grid-tied PV systems that reflect U. S. commercial market 

share.   
• 10kW minimum system size (30+ modules). 
• 100% pre-deployment flash testing 
• In-situ IV sweeps using novel hardware (Pordis LLC) 
• Data obtained from these systems will be used to construct 

degradation rate curves with high degree of fidelity. 

Soiling 
Outdoor: 
• Performance loss stations in operation at most RTC sites 
 
Laboratory: 
• Tools to study fundamental impacts to PV performances 

• Artificial soiling capability 
• Analytical methods to quantify loss, characterize 

interaction of incident light with surface soil 



Scalable Deployments from Components to Systems 

Component Level: Connector Reliability Study 

• 1-month to multi-year installations 
• Evaluate materials and component 

reliability and degradation rates 
• Flexible, stand-alone platforms at any 

orientation 
• Tracker-mounted for maximum sun 

exposure 
• Can be set up to be completely 

autonomous 
• Configured per experimental needs 

System Level: Prototype flexible CIG modules installed on roof pans 

• Minimum 1-year installations typical 
• Evaluate system reliability and 

degradation rates 
• Validate energy yield calculations 
• DC Voltage and Current (string and 

combiner) 
• Module Temperature 
• Localized Irradiance Sensors 



Characterization: Linking Outdoor Performance with Laboratory Diagnostics 

Outdoor Capabilities 
• Two fully programmable Two-Axis trackers 
• Large, flexible mounting surfaces 
• Single cell packages to full scale modules, complicated 

form factors 
• Full electrical performance (IV curves, temperature 

coefficients, angle of incidence) 
 

Indoor Module Lab 
• Industry standard AAA 1-sun flash tester 
• Custom Electroluminescence (EL) enclosure,  mini-

modules to full-size 
• Temperature controlled light-soaking chamber, 

integrated IV sweep capability 
 

Cell and Device Lab 
• Reflectance and transmission measurements, Cary 

Spectrophotometer 
• Solar cell spectral response/quantum efficiency 

measurements 
• 2 1-sun cell testers 



CAPABILITY DEVELOPMENT 
PROJECTS 
1. Non-Destructive module evaluation methods 
2. Data collection development 



Non-destructive module evaluation methods 

Motivation:  
 
• Challenge: Identification and characterization of manufacturing defects and field failures  

• Size - too large to fit in most common laboratory inspection instruments.  
• Packaging – designed to last 25+ years, extraction of smaller samples is difficult 

without creating additional damage (and is destructive) 
• Existing techniques (Electroluminescence and Lock-in Infrared Thermography) 

more suited to identifying cell failures, not package failures. 
 
Project Goals: 
  
• Develop a suite of non-destructive module field evaluation methodologies.  
• Address mechanical degradation of the module package (delamination, cracking, etc) 

and physical/chemical materials degradation (embrittlement, oxidation, etc). 
• Candidate methods include;  

• Pulsed IR Thermography, Ultrasonic Diagnostics, FTIR, Raman Spectroscopy, 
Reflectance, Wet leakage current.  

• Where possible, leverage existing methods established in other industries, e.g. 
Aerospace.   



Example Capabilities: Pulsed Thermography 

• A brief pulse of light is applied to the target 
• High frequency IR imaging allows the thermal wave 

to be observed as it propagates through the target 
• Internal flaws such as debonding, voids or 

inhomogeneous materials impede the thermal 
wave, creating thermal contrast. 

• Can be applied in the field 
• Established method for aerospace applications 



Pulsed Thermography: Example Application 

• Field inspection of a WWII B-29 
Superfortress during restoration 

• Subsurface structural elements 
are easily visible along with 
details of painting history. 



Data Collection Development 

Key Tasks: 
1. Data Collection 

upgrades 
• Local and remote 

sites 
• Reliability 
• Transmission 

frequency  
• Quality control 

checks  
 

2. Remote Cell modem 
platform 
 

3. Ingestion into DuraMat 
data hub 



Thank You 

Contacts: 
 
Bruce King – bhking@sandia.gov  
Birk Jones – cbjones@sandia.gov 
 

mailto:bhking@sandia.gov
mailto:cbjones@sandia.gov

	Motivation for Field Deployment
	Approach: Leverage DOE-RTCs
	Project Synergies
	Scalable Deployments from Components to Systems
	Characterization: Linking Outdoor Performance with Laboratory Diagnostics
	Capability Development Projects
	Non-destructive module evaluation methods
	Example Capabilities: Pulsed Thermography
	Pulsed Thermography: Example Application
	Data Collection Development
	Thank You


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2592.000 3168.000]
>> setpagedevice


