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Recent Negative Headlines about Solar Industry 
Quality issues threaten to give solar a black eye, PVTECH , F.Carus, 15 January 2013 
How Bad Is PV Panel Performance?, IEEE Spectrum, B. Sweet, 30 May 2013  
Solar Industry Anxious Over Defective Panels, New York Times, T. Woody, May 28, 2013 
 

 Documenting field performance data, especially  on a large scale 

Has the recent PV price decline led to reliability issues? 

D. Feldman et al., Q3 2013 /Q4 2013 Solar Industry Update, 2014 Edition 
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Geographic Distribution of Systems  

50,000 Systems 
1.7 Gwatts capacity 
Up to 4 years of data 

Data filtering rules: 
 Nameplate=production year1,2,3,4  reject production years 
 Predicted capacity factor: Predicted AC energy/(24*365*DC rating)*100= 3-40% 
 Year1 production = Year2 production  reject year2 entry 
 Annual production = predicted production  reject 

Data available: 
AC production,  
Predicted AC production 
Zip code location 
Nameplate 
Comments 
 
Not available: 
Insolation 
Orientation 

American Recovery & Reinvestment Act, Section 1603 
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No Evidence of Massive failure 

Data Points: 

Year 2 Year 3 Year 4 Year 1 

18,632 5,825 479 

Normal

Hardware

No information  
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Hardware

No information  

Project

Weather

 Data Collection

48,259 

Year of Operation: 

Project/Site:  Delay, grid interconnection, construction etc. 
Weather:   Snow, soiling, lightning, hurricanes etc. 
Data Collection: Data acquisition, less than a year of data, etc. (not performance related) 
Hardware:  Inverter, module, breaker, fuses etc. 
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Most systems produce as expected 

Project issues data points tend to be farther away from unity line  
They don’t occur that often (previous slide) but if they do they tend to have larger impact 

Measured vs. predicted production for all operation years 
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Median 
/ Stdev Year1 Year2 Year3 Year4 

Normal 1.05 ± 
0.14 

1.06 ± 
0.14 

1.04 ± 
0.14 

1.03 ± 
0.13 

Project 0.84 ± 
0.24 

0.61 ± 
0.37 

0.29 ± 
0.36 - 

Data 
Collection  

0.90 ± 
0.41 

0.76 ± 
0.35 

0.71 ± 
0.21 

0.65 ± 
0.19* 

Hardware 0.86 ± 
0.23 

0.77 ± 
0.24 

0.74 ± 
0.18 

0.74 ± 
0.42* 

Weather 0.87 ± 
0.22 

0.78 ± 
0.20 

0.45 ± 
0.29* - 

No 
information 

0.25 ± 
0.37 

0.48 ± 
0.47 

0.50 ± 
0.16 

0.54 ± 
0.12* 

Co
un

t 

Ratio:  measured production/predicted production 

Ca. 90% of normal data produce at least 90% of predicted 

Normal data produce a few percent more than expected 
  may have significant impact on performance based incentive programs 

Normal data 

* Indicates less than 10 data points 
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Nameplate Rating (kW) 

Mean yield: 1444± 282 kWh/kW Mean yield: 1454± 278 kWh/kW 

Mean yield: 1450± 258 kWh/kW Mean yield: 1427± 208 kWh/kW 

No trend with nameplate rating 

Yield appears wider for smaller systems  caused by higher point density 

Yield (AC energy/nameplate rating)  vs. nameplate & year 
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Nameplate Rating (kW) 

Mean yield: 1444± 282 kWh/kW Mean yield: 1454± 278 kWh/kW 

Mean yield: 1450± 258 kWh/kW Mean yield: 1427± 208 kWh/kW 

No trend with nameplate rating 

Yield appears wider for smaller systems  caused by higher point density 

Yield (AC energy/nameplate rating)  vs. nameplate & year 
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Yield distributions similar for different system size 

Note: individual 
histograms have 
different count 
scales 

Distribution shapes for the AC yield for different rating bins as a function of year 

Nameplate rating 

AC yield 
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Data collection issues fall by order magnitude 
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Less than 1 year:  2.1 
DAQ Problem:  3.5  

Data collection-related issues  

Mean missed time (months) 
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Less than 1 year:  2.2 
DAQ Problem:  4.5 

Less than 1 year:  2.1 
DAQ Problem:  5 

DAQ: data acquisition problem such as data transmission problem, internet outage etc. 
Missing data: Less than a year before data were entered  
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Project-related issues are dominated by delays 
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Delay: Permitting & construction 
Utility: Grid interconnection 
Construct.: Roof repair, remodeling… 
Fire: fire at site not caused by PV  
PV was turned off as precaution 
Design: addition of new part-array @ 
different orientation 
Financials: shutdown due to 
foreclosure 
Not used: PV system not used as 
often 

 Delay & grid interconnection dominates 1st year, rapidly declines in subsequent years 
 Construction shows small percentage increase over years 
 Fire can have broader impact due to precautionary PV system shutdown 
 Financial reasons correlated to states with large housing price cycles 
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Hardware-related issues are dominated by inverter 
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Repair: Unspecified repair & outages 
Unauthorized shutdown: May be 
mitigated by interconnect locks 

Less than 0.1% are due to defective modules  
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Weather-related issues dominated by snow & hurricanes 

2012 2011 2010 

Hurricane Sandy 

Hurricane Isaac 

Hurricane Irene 
Hurricane Sandy 

Hurricane: Typically, down time due to grid outage, not because of damage to system  
Lightning: Not direct hits to PV system but transformer 
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Annual loss impact (%) of different categories 

Module recalls do not occur often but if they do they can have large impact 

Performance in anomalous 
year compared to normal 
year  loss estimation 
due to cause of anomaly 
(assumes the same annual 
production) 
 
 
Diamonds: 95% 
confidence interval 
Crossbar: Mean 

Project Hardware Weather 
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Conclusion 
 
 Analyzed field performance of 50,000 PV systems 

 
 More than 90% of normal systems produce at least 90% of expected 
 
 Project problems may not occur as often but have large impact 

 
 Project-related problems are dominated by delays in the first year of 

operation, then rapidly declines in subsequent years. 
 

 Hardware issues dominated by inverter, particularly in the first year of 
operation 
 

 Less than 0.1% are due to defective or underperforming modules 
 

 Module recalls can lead to significant annual production losses  
 

 Weather-related issues are dominated by snow and hurricanes 
 



17 

Acknowledgments 

US Department of the Treasury, Section 
1603 of the American Reinvestment and 
Recovery Act 
Edward Settle 
Jason Coughlin 
Doug Gagne 

Thank you for your attention 
 
 
National Renewable Energy Laboratory 
15013 Denver West Parkway, MS 3411 
Golden, CO 80401, USA 
dirk.jordan@nrel.gov 

This work was supported by the U.S. Department of 
Energy under Contract No. DE-AC36-08-GO28308 
with the National Renewable Energy Laboratory 


	Recent Photovoltaic Performance Data in the USA
	Outline
	Has the recent PV price decline led to reliability issues?
	Geographic Distribution of Systems
	No Evidence of Massive failure
	Most systems produce as expected
	Ca. 90% of normal data produce at least 90% of predicted
	No trend with nameplate rating
	Yield distributions similar for different system size
	Data collection issues fall by order magnitude
	Project-related issues are dominated by delays
	Hardware-related issues are dominated by inverter
	Weather-related issues dominated by snow & hurricanes
	Annual loss impact (%) of different categories
	Conclusion
	Acknowledgments


<<
  /ASCII85EncodePages false
  /AllowPSXObjects true
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 150
  /ColorSettingsFile ()
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /DetectBlends true
  /DetectCurves 0.10000
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 150
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXRegistryName (http://www.color.org)
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


