SasOoL b

reaching new frontiers

Sasol Synthetic Fuels

Coal to Liquids

Piet Roets
Manager Fuels, US CTL

ICAO Workshop - Aviation and Alternative
Fuels

February 10 - 12, 2009



sasoL ¢ ‘°

reaching new frontiers

I Overview

@ Synthetic Fuels Industry in South Africa today
@ Sasol Synthetic Fuels technology
@ Sasol's CTL & GTL experience

@ Approval Process for Sasol Fully Synthetic Jet Fuel
@ Components
@ Properties (Def Stan 91-91)
@ Fit for Purpose Tests (Def Stan 91-91 Annex D)
@ Component tests
@ Research reports

@ Establishing a CTL industry is not without challenges
@ Summary
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I Synthetic Fuels Industry in South Africa today

Sasol Synfuels
@ Coal-fed, supplemented with natural gas

@ Capacity: 160 000 bpd crude oil equivalent

Sasol Il & 111
160 000 bpd

PetroSA
@ Natural gas-fed, some condensate
@ Capacity: 45 000 bpd crude oil equivalent

Total Capacity: A gt
205 000 bpd (~ 10 million tpa) crude oil equivalent -\, 45 000 bpd

Synfuels industry supplies ~30% of SA transport fuel consumption
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I Sasol Synthetic Fuels Technology
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I Sasol’'s CTL & GTL experience

Sasol is the leader in gas-and-coal to liquid technologies and their
application

@ 50 years experience in developing technology, designing and operating
plants

more than 1.5 billion barrels of synthetic fuels produced
currently ~25% of South African fuel is derived mostly from coal
South Africans drive and fly on coal — today

Synthetic jet fuel blends in commercial use for last 10 years

Sasol Fully Synthetic Jet Fuel first 100% synthesized jet fuel approved as
commercial aviation turbine fuel (Def Stan 91-91)

Writing Sasol Fully Synthetic Jet Fuel into ASTM D1655 as a specific
approval is in process

Sasol’s technology offers a technically proven, commercially viable

option - TODAY
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I Approval Process for Sasol Fully Synthetic Jet Fuel

Component * Combustor Rig
tests *Emissions

*|gnition
e Altitude relight
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Fuel Specification

Properties Def Stan
91-91/ASTM D1655

Yes
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Fit-for-Purpose
Properties UK MOD
Def Stan 91-91
Annex D
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Incorporated into fuel spec (Def
Stan 91-91 & ASTM D1655)
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Sasol Synthetic jet fuel components
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I Selected Fuel Specification Properties (Def Stan 91-91)
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Property Test Method | Limit FSJF blends
Aromatics, vol% D1319/IP156 |8 -25 7.2-16.9
Total Sulphur, mass% IP336 0.3 max <0.01

T10, ° C D86/1P123 205 max 175 - 189
FBP, ° C D86/1P123 300 max 245 — 279
Flash point, ° C IP170 38 min 51 - 69
Density @ 15 ° C, kg/m3 D4052/IP365 | 775.0-840.0 | 0.776 — 0.802
Freezing point, ° C D2386/IP16 -47 max -55to -61
Viscosity @ -20 ° C, cSt D455/IP71 8.0 max 3.48 — 4.69
Smoke point, mm D1322/1P57 25 min 25-40
Specific energy, kJ/kg D4809 42.8 min 43.1 -43.8

Sasol 100% synthesized jet fuel meets all commercial Jet A1
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I Fit for Purpose Tests (Def Stan 91-91 Annex D)

@ Physical propertiesvs. T @ Hydrocarbon composition
@ Density @ Trace materials
@ Viscosity @Organics
@ Specific heat @Inorganics
@ Thermal conductivity @ Metals
@ Bulk modulus @ Water separation
@ Surface tension ® Additives
® Thermal stability @ Materials compatibility
@ Density vs. dielectric @Elastomers
@ Lubricity @ Metals
@ Storage stability @ Other non-metals

Sasol 100% synthesized jet fuel properties and characteristics

Indistinguishable from conventional jet fuel
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I Component tests
@ Endurance Engine Test @ Emissions
@ Evaluation of impact of Sasol @ Pratt & Whitney Talon
FSJF on engine performance combustor
and operation @ Cold Start & altitude relight
@ Fresh JT9-D engine @ Main engine: R-R Trent
@ 500 commercial cycles combustor
@ Combustor Rig Tests @ Altitude Lean Blow Out
@ Low-temperature atomization

@ Honeywell combustor rig
@ Honeywell

@ Addressed APU start on cold-
soaked fuel (-40C)

No degradation of engine performance

Combustion characteristics are normal for viscosity and boiling point
distribution; synthetic hydrocarbons are not different
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SwRI Reports submitted to UK MOD

EVALUATION OF SASOL
SYNTHETIC KEROSENE
FOR SUITABILITY AS JET FUEL

C. A. Moses
G. Wilson, llI
Southwest Research Institute
6220 Culebra Road
San Antonio, TX USA

Piet Roets
Sasol Qil R&D
Sasolburg, Republic of South Africa

DECEMBER 2003
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Report No. 08-04438-2

EVALUATION OF SASOL SYNTHETIC KEROSENE
FOR SUITABILITY AS JET FUEL

PHASE II: ENGINE AND COMBUSTOR TESTS

Prepared by

Clifford A. Moses
Fuels and Lubricants Technolagy Depar‘tment
Southwest Research Institute® (SwRI®)
6220 Culebra Road
San Antonio, TX 78238

~ Final Report
SwRI® Project No. 08-04438

Prepared for

Sasol Technology Fuels Research
1 Klasie Havenga Road
PO Box 1, Sasolburg
SOUTH AFRICA

September 2007

SOUTHWEST RESEARCH INSTITUTE"
SAN ANTOMNID HOUSTON WASHINGTON, DG
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I UK MOD Def Stan 91-91 Issue 6

Ministry of Defence
Defence Standard 91-921

Issue 6 Publication Date 8 April 2008

Turbine Fuel, Aviation Kerosine Type,

a](‘" A'l
NATO Cade: F-35
Joint Service Designation: AVIUR

IMNPLEMENTATION DATE: 8 July 2008
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D.4 Specific Approvals
D.4.2 Sasol Fully Synthetic Jet Fuel

D4.2.1 Sasol synthetic kerosene, see clause D.4.2.4, is
currently the only fully synthetic jet fuel which has been
approved for use.

D.4.2.2 The aromatic content of Sasol fully synthetic fuel
shall not be less than 8.0% nor greater than 25.0% by
volume when using method IP 156, or less than 8.4% nor
greater than 26.5% by volume when using method IP 436.
The fuel shall exhibit a maximum wear scar diameter of 0.85
mm when tested by ASTM D5001. Analysis for these
properties shall be made at the point of manufacture. These
results shall be included on the batch certificate for the fuel.

D.4.2.3 The flash point shall be no greater than 50° C. The
boiling point distribution shall have a

minimum slope defined by T50-T10 > 20° C and T90-T10 2
40° C when measured by IP 123 / ASTM D86.

D.4.2.4 Sasol fully synthetic kerosene is defined as that
material blended from light distillate, heavy

naphtha and iso-paraffinic kerosene streams
manufactured at the Secunda plant as described in the

SwRI reports number 08-04438 and 08-04438-2. The batch
certificate for the fuel shall state that the fuel contains 100%

coR¥BERRTE components. Slide 13
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I Establishing a CTL industry is not without challenges

The Challenges in the Global
Market

@ World energy markets are volatile
@ Competition for resources

@ Investment decisions on large capital
projects are risky

@ Uncertainty of global Greenhouse Gas
framework

@ Objections to coal use

The cost of projects are high
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I In summary
@ CTL has been demonstrated as source of jet fuel for the future

@ CTL can be a significant part of a portfolio of measures to address
future energy security

@ Sasol leads GTL and CTL operations and development globally

@ South Africa's government and economy are being handsomely
rewarded for enabling a CTL industry

@ A number of countries are at various stages of development of a CTL
industry

@ There is an urgent need for objective debate by decision makers to
ensure sustainable energy solutions for the future

Copyright reserved 2009, Sasol Synfuels International CONFIDENTIAL Slide 15




<<
  /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


