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Ethanol Production Video
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Ethanol Production in US



Plants Under Construction (79)

Plants in Production (115)

U.S. Dry Grind Corn FacilitiesU.S. Dry Grind Corn Facilities



Dry Grind Ethanol Plants in IllinoisDry Grind Ethanol Plants in Illinois



Benefits of EthanolBenefits of Ethanol

Reduces dependence on foreign oil imports
Extend the domestic supplies of gasoline
Environment friendly, reduces green house gases
Increase octane rating of gasoline
Clean burning fuel
Increases demand for corn, stabilizes prices
Rural Development



Issues Related To Ethanol IndustryIssues Related To Ethanol Industry

Water Used
Approximately 4 gallon water/gallon of ethanol produced

Emissions/Odor
Food versus Fuel

Corn is also used for human consumption
Low Coproduct Value
Energy Independence

Ethanol from corn is limited by corn production
Converting all the corn in the US into ethanol will only meet 20 to 
25% of the annual gasoline demand
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15 lb (6.8 kg) of 
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One bushel of Corn
(24.5 kg or 56 lb)

Corn Dry Grind Ethanol Process



Conventional Dry Grind Process

Saccharification
& Fermentation

Yeast
& Glucoamylase

CO2

Liquefaction

Mash

Corn

Water

Grinding (Hammermill)

Blending
Overhead product
(Recycled back)

Dehydration
column

Stripping/
Rectifying
column

Ethanol

Centrifuge
Thin
Stillage

Wet Grains Syrup

DDGS

Evaporator

Alpha-Amylase



DDGS Utilization (2005)
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Coproduct valuesCoproduct values
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Emerging Technologies in Dry Grind 
Ethanol Production:

Corn Fractionation Process



Wet Corn Fractionation: 
Enzymatic Dry Grind Corn Process (E-Mill)
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Other Benefits of Fractionation Process: 
Recovery of Valuable Coproducts

Recovery of germ, pericarp and 
endosperm fiber as valuable coproducts

Germ
Corn Germ Oil

Pericarp and Endosperm Fiber
Corn Fiber Oil
Corn Fiber Gum
Ethanol

Fiber Gum

Fiber 
Oil
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Singh, V., Johnston, D.B., Naidu, K., Rausch, K.D., Belyea, R.L. and Tumbleson, M.E.  2005.  Comparison of
modified dry grind corn processes for fermentation characteristics and DDGS composition.  Cereal Chem. 
82:187-190.



DDGS Composition: Conventional and 
E-Mill Processes

Conv. E-Mill Soy CGM
Meal

Crude Prot. 28.50 58.50 53.90 66.70
(%)

Crude Fat 12.70 4.53 1.11 2.77
(%)

Ash (%) 3.61 3.24 ---- ----

Acid Det. 10.8 2.03 5.95 6.88
Fiber (%)

Singh, V., Johnston, D.B., Naidu, K., Rausch, K.D., Belyea, R.L. and Tumbleson, M.E.  2005.  Comparison of
modified dry grind corn processes for fermentation characteristics and DDGS composition.  Cereal Chem. 
82:187-190.



Emerging Technologies in Dry Grind 
Ethanol Production:

Development of New Corn



Transgenic Corn for Dry Grind Process
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DDGS Composition

Components 3% amylase corn 
addition

Control Treatment

Crude Protein (%)
Crude Fat (%)
Crude Fiber (%)
Ash (%)

26.1 ± 0.2
14.1 ± 0.1
6.6 ± 0.1

3.78 ± 0.1

25.8 ± 0.1
13.6 ± 0.2
6.8 ± 0.1

3.35 ± 0.1

No significant difference in composition of DDGS for 3% amylase corn
addition and control treatment

Singh, V. and Graeber, J.V.  2005.  Effect of corn hybrid variability and planting location 
on ethanol yields.  Trans. ASAE 48:709-714



Feedstock Development: Transgenic CornFeedstock Development: Transgenic Corn

Reduces requirement of exogenous alpha amylase
Only 3% amylase corn addition is required with dent corn for 
complete liquefaction
No differences in DDGS composition between 3% amylase corn 
treatment and conventional treatment



Emerging Technologies in Dry Grind 
Ethanol Production:

Raw Starch Hydrolyzing Enzymes



Raw Starch Hydrolyzing Enzymes
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Granular Starch Hydrolyzing (GSH) EnzymesGranular Starch Hydrolyzing (GSH) Enzymes

These enzymes have high granular starch (raw starch or native 
starch) hydrolyzing activity
Can Liquefy and saccharify starch into glucose at low 
temperature (< 48°C)

Stargen 001, Genencor International
BPX, Novozymes NA



Wang, P., Singh, V., Xue, H., Johnston, D.B., Rausch, K.D. and Tumbleson, M.E.
2006.  Comparison of raw starch hydrolyzing enzyme with conventional liquefaction
and saccharification enzymes in dry grind corn processing.  Cereal Chem. 84(1):10-14.
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Results: Glucose Concentration
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Wang, P., Singh, V., Xue, H., Johnston, D.B., Rausch, K.D. and Tumbleson, M.E.
2006.  Comparison of raw starch hydrolyzing enzyme with conventional liquefaction
and saccharification enzymes in dry grind corn processing.  Cereal Chem. 84(1):10-14.



Results: Maltose Concentration
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Results: Maltotriose Concentration
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Results: DP4+ Concentration
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Granular Starch Hydrolyzing Enzymes

Final ethanol yield with GSH enzymes is comparable to 
conventional enzymes
Glucose, maltose and maltotriose concentrations are consistently 
low with GSH enzymes throughout fermentation
GSH enzymes work at same temperature conditions as 
conventional SSF

With GSH enzymes simultaneous liquefaction, saccharification and
fermentation can be conducted
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Regenerative Thermal Oxidizer



Food Versus Fuel



Food Versus Fuel



Food Versus Fuel



Wood chips
Switchgrass/
Miscanthus

Corn stover

Sugarcane

CottonwoodsPaper

Future: Ethanol from Lignocellulosic
Feedstocks



Thanks!


	Ethanol Production in US
	Collaborators
	Presentation Outline
	Ethanol Production Video
	Ethanol Production in US
	U.S. Dry Grind Corn Facilities
	Dry Grind Ethanol Plants in Illinois
	Benefits of Ethanol
	Issues Related To Ethanol Industry
	DDGS Utilization (2005)
	Coproduct values
	Emerging Technologies in Dry Grind Ethanol Production:�Corn Fractionation Process
	Other Benefits of Fractionation Process: �Recovery of Valuable Coproducts
	Fermentation Profiles: Conventional and �E-Mill Processes
	DDGS Composition: Conventional and �E-Mill Processes
	Emerging Technologies in Dry Grind Ethanol Production:�Development of New Corn
	500 ml Fermentations�Control vs 3, 5 and 10% amylase corn addition
	500 ml Fermentations�Control vs 1, 2 and 3% amylase corn addition
	DDGS Composition
	Feedstock Development: Transgenic Corn
	Emerging Technologies in Dry Grind Ethanol Production:�Raw Starch Hydrolyzing Enzymes
	Granular Starch Hydrolyzing (GSH) Enzymes
	Results: Ethanol Concentration
	Results: Glucose Concentration
	Results: Maltose Concentration
	Results: Maltotriose Concentration
	Results: DP4+ Concentration
	Granular Starch Hydrolyzing Enzymes
	Regenerative Thermal Oxidizer
	Food Versus Fuel
	Food Versus Fuel
	Food Versus Fuel
	Future: Ethanol from Lignocellulosic Feedstocks
	Thanks!


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


