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Topics

• Today’s Aviation Fuel

• Motivation for Alternative Fuels

• Embraer Alternative Fuels Project

• Brazilian Biofuels - Background

• The Ethanol Ipanema Aircraft
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Source: BACK (Dez/07)
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Aviation Fuel (Jet Fuel)

• Aviation have been powered by 
petroleum fuels for more than 60 
years; 

• Meet International Standards (Joint 
Operated System, ASTM 1655, 
DEF Stan 91-91, ANP 03/2006-
QAV1) requirements;

• Meet distribution chain 
requirements. New fuels shall comply with “Guidline for 

Qualification and Approval of New 
Turbine Fuels”

Drop-in fuel
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Alternative Fuels in Aviation: Drivers

Aviation Alternative 
Fuels

BiofuelsBiofuels

•• EthanolEthanol
•• BiokeroseneBiokerosene

Synthetic Fuels

• Fischer-Tropisch

Cryogenic

• Hydrogen
• Methane

Energy Efficiency

Aero Efficiency
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Embraer Alternative Fuels Project

Acts as a process 
integrator

Authorities

Engine 
OEMs

Fuel systems 
components 

OEMs

EMBRAER

Fuel 
companies

Technical Investigation of Sustainable Aviation Biofuels

Biofuels
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Benefits of Biofuels

• Economical Viability
• Biojet fuels will become as economically 

viable as crude oil prices rise.

• Reduce dependence on crude oil
• Homeland security implications.

• Burns cleaner 
• Sulfur-free and reduced emissions.

• Social Concerns
• Use of raw-material from low-income 

Brazilian farmers;
• Employment of a Integrated Bioernergy

System.



8

Biofuel - Concerns

Technical / Quality:
• Product Scale x Sustainability;

• Different performance & life-cycle 
emissions;

• Lack of technical data, operational 
experience and standards.
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Brazilian Biofuels - Background

• 1975 – PROÁLCOOL implementation

• 1980 – PROSENE (biokerosene) - First 
patent for biodiesel and biokerosene
production;

• 1984 – A successful flight using the 
biokerosene in an Embraer turboprop.
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Bandeirante Flight with Biokerosene

Demo flight on October 23rd, 1984 (São José dos Campos to 
Brasília – 1100km). One engine was fed with biokerosene.
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Ethanol in Brazil

• In 1979 the first car was sold fueled by ethanol;

• In the 80’, Brazil replaced the lead in the automotive 
gasoline by ethanol;

• In the 90´ government decision to add a higher proportion 
of ethanol in the gasoline;

• 2003 First flexible fuel vehicle was lauched; 

• Nowadays:

• Almost 90% of the cars sold in Brazil are flexible;

• Refueling pumps only have gasoline (or E25) and E100.
Brazil´s flex 
fuel program
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Embraer Ipanema Ethanol

First OEM to develop a 100% ethanol powered aircraft 
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Ethanol & Aviation - Embraer’s Ipanema

• 1972: Ipanema Type Certification

• 1985: Embraer started a market study - without go ahead

• 00´: New study, with the following drivers:

• Excellent ethanol availability due to the car industry;

• Avgas distribution in country side: availability, high prices;

• 2002: Program launch

• 2004: Certification;

• 1,069 Ipanema airplanes sold:
• 64 new aircrafts

• 177 retrofits

Total Ethanol Powered Aircraftl: 241
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Main Modifications – Engine and Airframe

• Cold Start System;

• New Injection System; 

• New Materials;

• Anti-corrosion protective coats / materials.Cold Start System

Endurance and Vibration Tests
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Uses for the Ipanema

• Ipanema has been used in:
• Agricultural operations: application of 

fertilizers, pesticides and fungicides;

• Fire fighting;

• Combat of endemic disease vectors;

• Cloud nucleation.

• 1st Crop Season: 2005/2006
• 144 ethanol fueled aircraft (127 retrofits);

• More than 60,000 flight hours with ethanol;

• More than 6,0 mi liters of ethanol used;

• More than 4,0 mi liters of Avgas replaced.
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Flight International Aerospace Industry 
Award in the General Aviation Category.

Ipanema – National and International Awards

Scientific American Award as 
the Top 50 2005 innovations
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Ethanol – Challenges to Spread

• Presently used in general aviation;

• May find limited application for jet;
• Lack of worldwide supply and 

distribution structure;

• Presents challenges and limitations.
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Final Comments

• Industry integration will foster technology deployment;

• Life Cycle Analysis will drive industry choice;

• Regional solution must worldwide requirements;

• Ethanol is a good solution for aviation niche.
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Thank you

Thank you!



<<
  /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


