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Disclaimer Agreement 

 These manufacturing cost model results (“Data”) are provided by the National Renewable Energy 
Laboratory (“NREL”), which is operated by the Alliance for Sustainable Energy LLC (“Alliance”) for 
the U.S. Department of Energy (the “DOE”). 

  
It is recognized that disclosure of these Data is provided under the following conditions and warnings:  

(1) these Data have been prepared for reference purposes only; (2) these Data consist of forecasts, 
estimates or assumptions made on a best-efforts basis, based upon present expectations; and (3) 
these Data were prepared with existing information and are subject to change without notice. 

  
The names DOE/NREL/ALLIANCE shall not be used in any representation, advertising, publicity or other 

manner whatsoever to endorse or promote any entity that adopts or uses these Data.  
DOE/NREL/ALLIANCE shall not provide any support, consulting, training or assistance of any kind 
with regard to the use of these Data or any updates, revisions or new versions of these Data. 

  
YOU AGREE TO INDEMNIFY DOE/NREL/ALLIANCE, AND ITS AFFILIATES, OFFICERS, AGENTS, AND 

EMPLOYEES AGAINST ANY CLAIM OR DEMAND, INCLUDING REASONABLE ATTORNEYS' FEES, 
RELATED TO YOUR USE, RELIANCE, OR ADOPTION OF THESE DATA FOR ANY PURPOSE 
WHATSOEVER.  THESE DATA ARE PROVIDED BY DOE/NREL/ALLIANCE "AS IS" AND ANY EXPRESS OR 
IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY DISCLAIMED.  IN NO 
EVENT SHALL DOE/NREL/ALLIANCE BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL 
DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT LIMITED TO CLAIMS 
ASSOCIATED WITH THE LOSS OF DATA OR PROFITS, WHICH MAY RESULT FROM AN ACTION IN 
CONTRACT, NEGLIGENCE OR OTHER TORTIOUS CLAIM THAT ARISES OUT OF OR IN CONNECTION 
WITH THE USE OR PERFORMANCE OF THESE DATA. 
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Residential PV: a continuum of integration with building materials and designs 

Least integrated More integrated Fully integrated  
“Open rack-mounted systems” 

“Rack-mounted PV” or “PV” 

“Close roof rack-mounted systems” 

“Low profile systems” 

“Building-applied PV” or “BAPV” 

“Direct-mounted systems” 

“Building-integrated PV” or “BIPV” 

 

 

 No racking hardware 
 Replaces building materials 
 Install methods are similar to  

those of traditional materials 

 Both using racking hardware 
 Neither replacing building materials 

Sources:  www.eeremultimedia.energy.gov ; www.buildingenergyvt.com 
 James, T. et al. “Building-Integrated Photovoltaics (BIPV) in the Residential Sector: An Analysis of 

Installed Rooftop System Prices.” NREL Technical Report. NREL/TP-6A20-53103. November 2011. 



4 

BIPV – no consensus definition 

 
 

Building-Integrated Photovoltaics (BIPV) 
• A multifunctional product that generates electricity and replaces 

traditional building materials by serving as a significant weather barrier 
on building surfaces. Installation methods are similar to those of 
traditional building materials. 

 
 

Rack-mounted Photovoltaics (PV) 
• Traditional PV systems that are designed to generate electricity only, are 

mounted on racks, and do not replace the function of building materials. 

In their descriptions of BIPV, some market reports and incentive programs include PV 
systems that are partially integrated with building materials or architectural designs. 
These systems often represent a combination of independent products. 

Definitions we use for cost modeling: 

       All costs in this presentation are in 2010 U.S. dollars and in terms of  
       U.S. dollars per peak watt of DC PV capacity ($/W or $/Wp DC) 
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Potential opportunities for BIPV market growth 

Installation cost reductions 

Lower non-module costs -- elimination of racking hardware, 
greater use of traditional roofing labor and installation methods 
Cost offsets for displaced traditional building materials 

Lower supply chain costs -- utilizing established channels to market 

Improved aesthetics 
Consumer willingness to pay premiums in some markets 
Broader appeal for residential solar product designs 

Higher technical potential Increased PV-suitable space on buildings 

Solar industry interest 

Showcase applications 

High growth potential 

Help PV suppliers distinguish themselves 

Leverage more established channels to market 

Government support Maintain historic/cultural building designs 
BIPV-specific incentives in select international markets 

…many opportunities but limited deployment:  the cumulative installed capacity of BIPV (and 
related semi-integrated PV products) worldwide was about 250–300 MW by the end of 2009 –
about 1% of the cumulative installed capacity of distributed PV systems at that time. 

Sources: EuPD Research 2009, Pike Research 2010, Mints and Donnelly 2011. 
                 James, T. et al. (2011) “Building-Integrated Photovoltaics (BIPV) in the Residential Sector: An Analysis of Installed Rooftop System Prices.”  
                 NREL Technical Report. NREL/TP-6A20-53103. 
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Market prices are higher for BIPV than for rack-mounted PV 

Average market prices for rooftop BIPV and PV systems    
(2- to 3-kW) on newly constructed homes in California 

Market prices are not necessarily representative of downward trends in system costs.  
These prices are influenced by several factors, including:  

• Consumers’ willingness to pay premiums for the aesthetic values of BIPV 
• Supply chain considerations (supply and demand) 
• Incentives  

Source:  Barbose, G. et al. (2011). Tracking the Sun IV: An Historical Summary of the Installed Cost of Photovoltaics in the United States from 1998 to 2010.  
                Berkeley, CA: Lawrence Berkeley National Laboratory. 

• Illustrated prices are from an analysis 
of about 3,000 systems  

• BIPV prices do not include cost offsets 
for traditional roofing materials 

• In Europe, increasing price 
convergence in some markets 
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Module and system considerations for cost modeling  

Modules: additional materials required for BIPV modules 
• Framing, flashing, adhesives, etc. 
• We added a flat 10% cost premium to commercially-available PV modules 

Module dimensions and system geometry 
• Smaller modules may increase total labor costs (time to install) but may enable installation methods 

that are similar to those of traditional roofing products – single contractor, nails and hammers 
• BIPV modules may have greater “dead space” (reducing efficiencies) as a result of extra framing, 

flashing, or other materials 
• Some system geometries can reduce total system efficiencies 

 
Rack-mounted PV 
 

SunPower T5 (2.09 m2) Suntech 190S – 24/Ad+ (1.20 m2) 

Building-applied PV /  
Building-integrated PV 

SunPower SunTile (0.69 m2) Luma Solar Shingle (0.55 m2) 

Examples of commercial modules 
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Cost analysis of a hypothetical BIPV rooftop case 

Comparative crystalline silicon (c-Si) cases – PV and BIPV 

Our analysis approximates the cash purchase prices (overnight capital costs) for a hypothetical BIPV system 
and a typical rack-mounted PV system installed on residential rooftops in the United States. This bottom-up 
method of estimating BIPV system prices disregards the pricing parameters determined by markets, 
focusing instead on objective inputs as a means to assess cost-reduction opportunities and challenges.  

Scenario Technology Form Efficiency Module Area (m2)
PV Reference Case c-Si Rigid 14.8% 1.28
BIPV Derivative Case c-Si Rigid 14.1% 0.58
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Installed prices of residential roofing products (2008–2009) 

Technology PV metrics Residential Material Offsets ($/W) 

  Efficiency Wp/m2 Asphalt Shingle Clay Tile  

c-Si 14.1% 141 $0.18 $0.83 

Estimated Offset Values for the Residential BIPV Case   

Offsets are inversely related to PV efficiencies 

BIPV – Potential off-sets for traditional materials 

Source:  RSMeans 2010. Image from LUMA Resources, LLC. 2012. 
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BIPV has the potential to achieve lower installed prices than rack-mounted PV 

“Effective price” values include shingle cost offsets, shown as a negative bar, in the BIPV case (right) 

•Cost reductions of the simulated BIPV case are mostly from the elimination of hardware racking and associated 
labor costs (and resulting channel cost reductions) 
•BIPV may experience reduced performance compared to rack-mounted PV, impacting levelized costs of energy 

Comparison of installed residential rooftop prices for the  
PV Reference Case and the BIPV Derivative Case – Q4 2011 estimate 



Ted.James@nrel.gov 


	Building-Integrated Photovoltaics (BIPV) in the Residential Section: An Analysis of Installed Rooftop Prices
	Disclaimer Agreement
	Residential PV: a continuum of integration with building materials and designs
	BIPV – no consensus definition
	Potential opportunities for BIPV market growth
	Market prices are higher for BIPV than for rack-mounted PV
	Module and system considerations for cost modeling 
	Cost analysis of a hypothetical BIPV rooftop case
	BIPV has the potential to achieve lower installed prices than rack-mounted PV
	Contact



<<

  /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 true

      /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



