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Water and energy are inexorably 
linked—energy is needed to pump, 
treat, and transport water and large 
quantities of water are needed to 
support the development of energy. 
However, both water and energy 
may face serious constraints as 
demand for these vital resources 
continues to rise. Two examples 
that demonstrate the link between 
water and energy are the 
cultivation and conversion of 
feedstocks, such as corn, 
switchgrass, and algae, into 
biofuels; and the production of 
electricity by thermoelectric power 
plants, which rely on large 
quantities of water for cooling 
during electricity generation.  
 
At the request of this committee, 
GAO has undertaken three ongoing 
studies focusing on the water-
energy nexus related to (1) biofuels 
and water, (2) thermoelectric 
power plants and water, and (3) oil 
shale and water.  For this 
testimony, GAO is providing key 
themes that have emerged from its 
work to date on the research and 
development and data needs with 
regard to the production of biofuels 
and electricity and their linkage 
with water.  GAO’s work on oil 
shale is in its preliminary stages 
and further information will be 
available on this aspect of the 
energy-water nexus later this year. 
 
To conduct this work, GAO is 
reviewing laws, agency documents, 
and data and is interviewing 
federal, state, and industry experts. 
GAO is not making any 
recommendations at this time. 

While the effects of producing corn-based ethanol on water supply and water 
quality are fairly well understood, less is known about the effects of the next 
generation of biofuel feedstocks. Corn cultivation for ethanol production can 
require from 7 to 321 gallons of water per gallon of ethanol produced, 
depending on where it is grown and how much irrigation is needed. Corn is 
also a relatively resource-intensive crop, requiring higher rates of fertilizer and 
pesticides than many other crops. In contrast, little is known about the effects 
of large-scale cultivation of next generation feedstocks, such as cellulosic 
crops. Since these feedstocks have not been grown commercially to date, 
there are little data on the cumulative water, nutrient, and pesticide needs of 
these crops and on the amount of these crops that could be harvested as a 
biofuel feedstock without compromising soil and water quality. Uncertainty 
also exists regarding the water supply impacts of converting cellulosic 
feedstocks into biofuels. While water usage in the corn-based ethanol 
conversion process has been declining and is currently estimated at 3 gallons 
of water per gallon of ethanol, the amount of water consumed in the 
conversion of cellulosic feedstocks is less defined and will depend on the 
process and on technological advancements that improve the efficiency with 
which water is used. Finally, additional research is needed on the storage and 
distribution of biofuels. For example, to overcome incompatibility issues 
between the ethanol and the current fueling and distribution infrastructure, 
research is needed on conversion technologies that can be used to produce 
renewable fuels capable of being used in the existing infrastructure.  
 
With regard to power plants, GAO has found that key efforts to reduce use of 
freshwater at power plants are under way but may not be fully captured in 
existing federal data.  In particular, advanced cooling technologies that use 
air, not water, for cooling the plant, can sharply reduce or even eliminate the 
use of freshwater, thereby reducing the costs associated with procuring water. 
However, plants using these technologies may cost more to build and witness 
lower net electricity output—especially in hot, dry conditions. Nevertheless, a 
number of power plant developers in the United States have adopted 
advanced cooling technologies, but current federal data collection efforts may 
not fully document this emerging trend.  Similarly, plants can use alternative 
water supplies such as treated waste water from municipal sewage plants to 
sharply reduce their use of freshwater. Use of these alternative water sources 
can also lower the costs associated with obtaining and using freshwater when 
freshwater is expensive, but pose other challenges, including requiring special 
treatment to avoid adverse effects on cooling equipment.  Alternative water 
sources play an increasingly important role in reducing power plant reliance 
on freshwater, but federal data collection efforts do not systematically collect 
data on the use of these water sources by power plants.  To help improve the 
use of alternatives to freshwater, in 2008, the Department of Energy awarded 
about $9 million to examine among other things, improving the performance 
of advanced cooling technologies.  Such research is needed to help identify 
cost effective alternatives to traditional cooling technologies.  

View GAO-09-862T or key components. 
For more information, contact Anu Mittal at 
(202) 512-3841 or mittala@gao.gov. 

http://www.gao.gov/products/GAO-09-862T
mailto:mittala@gao.gov
http://www.gao.gov/cgi-bin/getrpt?GAO-09-862T


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting true
      /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 /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


