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I referto thesubmissionby Australiaon 28 April 2006to theSecretariatoftheLondonConvention,
proposing text to amend the 1996 Protocol to the London Convention, that would allow
geosequestrationofcarbon-dioxideunderthe seabed.

I ampleasedto advisethat on 2 November2006Australia’sproposedamendmentwasadoptedwith
the unanimoussupportof the voting partiespresentat the Meeting of ContractingPartiesto the
Protocol.

In accordancewith Article 22 of theProtocol,the amendmentsshallenterinto forcefor eachParty
100 daysafterthedateoftheiradoption,unlessaPartymakesadeclarationthat theyarenotableto
acceptthe amendmentat that time. This amendmentis very much in Australia’s interest, as it
supportsthe advancementof carbongeosequestrationtechnologyandwill providean international
regulatoryframeworkto ensurethetechnologyis usedappropriately.

Theproposedamendmenftext wasprovidedto theJoint StandingCommitteeon Treaties(JSCOT)
for considerationon 14 August 2006. I can confirm that the text of the amendmentremains
unchangedfrom our proposedtext. The amendmenttext is includedwith the National Interest
Analysis,attachedto this letter.

Officers from my Departmentalso appearedbeforeJSCOTon 9 October2006.During thehearing
the Departmentof ForeignAffairs undertookto provide somefurther backgroundinformationon
geosequestrationprojects,whichI havealsoincludedwith this letter.

I thanktheChairmanandtheCommitteefor their.considerationof this matter.
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NATIONAL INTEREST ANALYSIS: CATEGORY 1 TREATY

SUMMARY PAGE

Amendment ofAnnex 1 to the 1996Protocol to theConvention on thePrevention of Marine
Pollution by Dumping of Wastesand Other Matter 1972

Nature and timing ofproposedtreaty action

1. Australiais a Partyto the 1996 Protocolto theConventionon thePreventionof Marine
Pollutionby DumpingofWastesandOtherMatter 1972(theLondonProtocol),whichenteredinto
forcegenerally,andfor Australia,on 24 March2006.

2. In April 2006AustraliaproposedtheamendmentofAnnex]— Wastesor othermatterthat
may be consideredfor dumping, to expandthe list of ‘wastes or other matter’ to include
carbon-dioxidestreamssequesteredin subseabedgeologicalformations,otherwiseknown as
offshoregeosequestration.

3. TheproposedamendmentwasconsideredattheFirst MeetingofContractingPartiestothe
LondonProtocol,from 30 Octoberto 3 November2006. On2 November2006,theproposalwas
adoptedunanimously,undertheRulesofProcedurefortheProtocol.

4. Pursuantto Article 22(4)oftheProtocol,Partieswishingto declarethat theyarenot ableto
accepttheamendmentareableto do so within 100daysafterthedateof its adoptionthat is, by 10
February2007. Otherwise,the amendmentwill enterinto force for all Partieson 11 February
2007.

Overview and national interest summary

5. The London Protocolobliges Partiesto takeeffectivemeasuresto prevent,reduceand
wherepracticableeliminatepollution causedby dumpingat sea.TheProtocollimits thetypesof
materialsthatmaybeconsideredfor dumpingto thoselistedin Annex1 oftheProtocol.

6. TheamendmentofAnnex1 to include ‘carbon-dioxidestreams’allows Australiato permit
offshoregeosequestrationin accordancewith therequirementsoftheLondonProtocol;.

7. Offshore geosequestrationis an importantoption to be consideredfor the mitigation of
climatechangeandoceanacidification.
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Reasonsfor Australia to takethe proposed treaty action

8. TheAustralianGovernment’sclimatechangeandenergypoliciesclearlyidentify thefuture
potentialofCarbonCaptureandStorage(CCS)technologies,suchasoffshoregeosequestration,as
one important mitigation technology. The amendmentof Annex 1 to allow offshore
geosequestrationis consistentwith governmentpolicy to modify and augmentour existing
legislationrelatingto CCS assessmentandapprovalprocesses.

9. CCSis a realityfor Australianow, with severalprojectsproposedto commencewithin the
next few years.The amendmentof Annex 1 will supportAustralia’s efforts to remainat the
forefront of the developmentand deploymentof this important climate changemitigation
technology.

10. Theamendmentalsoallows Australiato activelyengagein technologicaldevelopmentsin
this field, and encouragesother nationsto adoptbest-practicein the interestsof climatechange
objectivesand marineenvironmentprotection.

11. By adopting the amendmentof Annex 1, the Parties to the London Protocol have
acknowledgedthat geosequestrationhasa role to play, aspartof a suiteofmeasuresto address
climatechangeandrelatedimpactson oceanacidification,andthat theProtocolis anappropriate
instrumentto addressthe implicationsforthemarineenvironment.

Obligations

12. The amendmentof Annex 1 placesno additional obligationson Australiaabove those
alreadyexistingundertheLondonProtocol.The amendmentaddscarbondioxide streamsto the
list of allowable materialsat Annex 1, and providesAustralia with the option of permitting
carbon-dioxidestreamsequestrationin subseabedgeologicalformations.

Implementation

13. Australiameets its obligations under the London Protocol through the Environment
Protection(SeaDumping)Act1981 (SeaDumpingAct). In accordancewith Section1 9(5)(a)of
the SeaDumpingAct, a permit mayonly be grantedfor materialthat is listed in Annex 1 to the
Protocol. Section 1 9(5)(b) of the Sea Dumping Act requiresthat permits only be grantedin
accordancewith theassessmentandpermittingprocesssetout in Annex2 to the Protocol. The
amendmentensuresthat Australia, and other Parties to the Protocol, may permit offshore
geosequestrationin accordancewith therequirementssetout in Annex2.

14. No newlegislationis requiredto implementtheamendment.

Costs

15. Therearecostsassociatedwith assessingpermitapplicationsandtheongoingregulationof
approvedpermits. The amendmentwill not result in additional coststo the Commonwealthor
State/TerritoryGovernments.
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16. The London Protocoland the SeaDumping Act adopta polluter paysapproachto sea
dumping. As such,and in line with the AustralianGovernment’scost recoverypolicy, the
EnvironmentProtection(SeaDumping)Regulations1983prescribefees for permit applications
for thematerialsthat maybe dumped,whichcurrentlyequal$16,500.00for large-scaleactivities.
Thepermitprocessis expectedto be similar for geosequestrationproposals..

Regulation Impact Statement

17. A RegulationImpactStatement(RIS) is attached.

Future treaty action

18. No futuretreatyactionor amendmentsare anticipatedasa resultof this amendment.Any
future amendmentsto the Protocolwould be subjectto Australia’s domestictreaty processes,
includingprior considerationby JSCOT.

Withdrawal or denunciation

19. Australiamaylodgeadeclarationofnon-acceptanceoftheamendmentwithin 100 daysof
thedateofadoptionattheMeeting,thatis, by 10 February2007,pursuantto Article 22(4)of the
Protocol.

20. Australiamay withdraw from the Protocolat any time aftertwo years from the dateon
which the Protocol enteredinto force, whichwas 24 March 2006, pursuantto Article 27 of the
Protocol.A withdrawalwouldtakeeffectoneyearafterreceiptoftheinstrumentofwithdrawalby
theInternationalMaritime Organization.

Contact details

Director
PortsandMarineSection
ApprovalsandWildlife Division
DepartmentoftheEnvironmentandHeritage
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Amendment of Annex 1 to the 1996Protocol to the Convention on thePrevention ofMarine

Pollution by Dumping of Wastesand Other Matter 1972(including ATS or ATNIF number)

CONSULTATION

Public consultationhasprincipallybeenthroughthedevelopmentofaCOAGRIS andRegulatory
GuidingPrinciples.Thesewere endorsedby theMinisterial Councilon Mineral andPetroleum
Resources(MCMIPR), following public consultationanddirect consultationwith Stateand
Territory governments,non-governmentorganisationsandindustry.

Publiccommentson theCOAGRISweresoughtfrom 8 October2004to 29 November
2004. Commentswerereceivedfrom thefollowing parties:

AnnaTredwell(EcoPropertyPty Ltd)
• AustralianCoalAssociation(ACA)

AustralianConservationFoundation(ACF)
• AustraliaPetroleumProductionandExplorationAssociation(APPEA)
• AustralianPowerandEnergyLimited (APEL)
• BHP Billiton
• BakerMcKenzie
• ConservationCouncil ofWesternAustralia(CCWA)
• CooperativeResearchCentrefor GreenhouseGasTechnologies(CO2CRC)

CooperativeResearchCentrefor Coal in SustainableDevelopment(CCSD)
• ClimateActionNetworkAustralia(CANA)

EWN Publishing
• FriendsoftheEarth(FoE)
• NationalGeneratorsForum(NGF)

NewSouthWalesMineralsCouncil (NSWMC)
• Origin Energy
• PricewaterhouseCoopersLegal (PWC Legal)
• RisingTide
• StanwellCorporation
• WesternAustralianGovernment
• Woodside

XstrataCoal

Commentsaddyessedarangeofissuesincluding,in relationto thenaturalenvironment,theneedto
adequatelyaddressenvironmentalrisksanduncertaintiesandto considertheuseof alternate,
‘clean’ technologies.

Stakeholderconsultation,commentsfrom theCOAG RIS submissionsandfurtheradvice
commissionedby theMCMIPRwereusedto revisetheRegulatoiyGuidingPrinciplesandthe
COAG RIS for MCMPR endorsement.ThePrincipleswereendorsedby theMCMPR on25
November2005.
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TEXT OF THE TREATY ACTION

AMENDMENT TO ANNEX 1 TO THE LONDON PROTOCOL

1.8 Carbondioxide streamsfrom carbondioxide captureprocessesfor sequestration

4 Carbondioxide streamsreferredto in paragraph1.8 mayonly be consideredfor
dumping,if:

.1 disposalis into asub-seabedgeologicalformation; and

.2 theyconsistoverwhelminglyofcarbondioxide. Theymaycontain
incidentalassociatedsubstancesderivedfrom thesourcematerialandthe
captureandsequestrationprocessesused;and

.3 no wastesorothermatterareaddedfor thepurposeof disposingofthose
wastesorothermatter.

In paragraph3, replace“1.7” with “1.8”, to takeaccountofthenewparagraph1.8.
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BACKGROUND INFORMATION

CURRENT STATUS LIST OF CONTRACTING PARTIES TO THE LONDON
PROTOCOL

Angola ~ Luxembourg
A

Australia Mexico

NewZealand~~•~• -

Norway

Barbados

~ ]I

Bulgaria SaudiArabia

Canada Slovenia

China SouthAfrica

]Spain

[Egypt St. Kitts andNevis .

France IL Sweden

Georgia Switzerland

Germany [Tonga

Iceland TrinidadandTobago

Italy [UnitedKingdom
Ireland Vanuatu

7



INCLUDES:

1 Introduction

2 Background .13 The Problem — No Regulatory Framework for Carbon Dioxide Geosequestration4 Objectives

5 Analysis

6 Consultation

7 Implementation and Review

8 Attachment A — Draft Regulatory Guiding Principles

9 Attachment B — Potential Environmental, Health and SafetyRisks



1 INTRODUCTION

In theabsenceofapredictableandtransparentregulatorymechanism,anduncertaintyasto the
adequacyor otherwiseofgenericregulatoryprocesses,theMinisterial Council on Mineraland
Petroleum.ResourcesestablishedaCarbonDioxide GeosequestrationRegulatoryWorking
Group, in September2003. TheRegulatoryWorking Groupwastaskedto reportto theStanding
CommitteeofOfficials oftheMinisterialCouncil on Mineral andPetroleumResources.

TheRegulatoryWorking Groupwaschairedby arepresentativefrom theWesternAustralian
DepartmentofIndustryandResources.Othermembersincludedgovernmentresourcesector
representativesfrom theCommonwealth,SouthAustralia,New SouthWales,Queenslandand
Victoria. TasmaniaandtheNorthernTerritoryparticipatedby correspondence.Therewerealso
membersfrom non-resourcesectoragencieswith an interestin carbondioxidegeosequestration,
suchastheQueenslandDepartmentofInnovationandInformationEconomy,Departmentof
EnvironmentandHeritage,AustralianGreenhouseOffice,andtheDepartmentofForeign
Affairs andTrade.

A broaderCarbonDioxideGeosequestrationRegulatoryReferenceGroup,comprisingall
Working Groupmembersaswell asindustryandresearchorganisations,wasalsoestablishedto
provideadviceto theRegulatoryWorkingGroup. A setofdraftregulatoryguidingprinciples
for carbondioxide geosequestrationweredevelopedby theRegulatoryWorking Groupfor
considerationby Ministers. Thesedraft regulatoryguidingprinciplesareatAttachmentA

.

Broaderconsultationwith thecommunity,includingnon-governmentorganisationswill nowbe
undertakenand thisconsultationprocesswill giveall interestedpartiestheopportunityto be
involved in thepossiblerevisionofthedraft regulatoryguidingprinciples. Input canbe
providedby attendingworkshopsandsubmittingwrittencommentsin relationto thedraft
regulatoryguiding principles.

It shouldbenotedthat thisCouncil ofAustralianGovernmentRegulatoryImpactStatementis
only concernedwith adraft regulatoryframeworkfor carbondioxidegeosequestration.
Significantwork is beingdoneon technologicalissuesseparately(i.e. not undertheMinisterial.
Councilon Mineral andPetroleumResources),andasthesebeginto besolved,progresson legal
andregulatoryissueswill berequired,if only in thefirst instanceby creatinganenabling
frameworkfor considerationandfacilitation ofprojects.

2 BACKGROUND
Energyand GreenhouseGasEmissions

On 8 June2001,thestatementon EnergyPolicyfrom theCouncil ofAustralianGovernments
saidthat theenergysector,bothstationaryandtransport,providesan essentialunderpinningof
Australia’seconomic,environmentalandsocialgoals. Competitivelypricedandreliableenergy
servicesareakeypartofour internationalindustrycompetitivenessandstandardof living. The
Council ofAustralianGovernmentswent on furtherto saythat,Australianenergydemandis
growingrapidly, butatthesametimeenergysupplyanduseis asignificantsourceofgreenhouse
gasemissions.

In 2002, greenhousegasemissionsfrom theenergysectormadeup 68 percentofnational
greenhouseemissionsas it is primarily dependenton fossil fuels. Carbondioxide
geosequestration,alsoknownascarbondioxide captureandgeologicalstorage,is oneoption in
themediumtermto reducegreenhousegasemissionsinto theatmospherefrom stationaryenergy
sources.
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Theelectricitygenerationsectorwhichrepresents33 percentofemissionsis well placedto take
advantageofcarbondioxide geosequestrationtechnologiesgiventhat it is dominatedby
relatively few largeemissionsources.Otherindustrysectors,suchas certainformsofchemical
manufacture(including naturalgasprocessing),thecementindustryandaluminiumproduction,
all ofwhich havelargepointsourcesofcarbondioxide,mayalsobe ableto utilise carbon
dioxide geosequestrationin reducingtheirgreenhousegasemissions.

Carbondioxide geosequestrationprovidesoneofseveraloptionsin themediumtermto meetthe
objectivesofsustainableenergyuse,loweringgreenhousegasemissionsandutilising Australia’s
competitiveadvantagein low costandabundantfossil fuels (coalandgas). Carbondioxide
geosequestrationmaypresentapractical,costeffectiveandhenceviable option to Australia’s
greenhouseemissionsout to 2030. It mayprovideamajorrole in enablingAustraliato
contributemeaningfullyto achievingthe internationalgoal ofstabilisinggreenhousegas
concentrationsin theatmosphere,while maintainingourinternationalcompetitivenessand
economicgrowth.

Geosequestration— Oneofa Suiteof Technologies

Geosequestrationis oneofasuiteofpossibletechnologiesthattheAustralian,Stateand
Territory governmentsareconsideringto enableAustraliato meetfuturegreenhouseconstraints.
Otheroptionsfor reducinggreenhousegasemissionsarelikely to encompassenduseefficiency
programs,fuel switching,advancedrenewableenergyandothercleanfossil fuel technology.
Policiesbasedon anyoneofthesemeasureshowever,may notbe enoughto achievesufficient
reductionsin carbondioxide emissions.

Rapidchangeto non-fossilenergysourcesis unlikely accordingto theInternationalEnergy
Agency’sWorld EnergyOutlook 2002,which projectsglobal energyuseto grow.bytwo-thirds
from 2002to 2030,with fossil fuelsmeetingmorethat90 percentofthat increase.This forecast
of continuedrelianceon fossil fuelsis basedon theview thatunlessthereis unforseen step
change’in technologydevelopmentcosts,moving awayfrom relianceon fossil fuelswill have
increasecoststo theeconomyandenergysecuritysignificantly.

It is recognisedthatgivenAustralia’shigh level of fossil fuel resources,wecanbe expectedto
remainsubstantiallyrelianton fossil fuels for energyneedsfor theforeseeablefuture. For
example,in thetransitionto ahydrogeneconomy,carbondioxidemitigation will berequiredas
hydrogenwill be sourcedmainly from fossil fuels.

Thechoiceofgreenhousegasmitigationtechnologiesis betweenlow andhighemissions
outcomes— notbetweenrenewablesandotherenergysources.Forexample,in theAustralian
Government’srecentEnergyWhite PaperSecuringAustralia’sEnergyFuture,the
Government’scurrentandfuturecommitmentsto renewableenergyandlow emissions
technologyinclude:

• The MandatoryRenewableEnergyTargetwill continueuntil 2020,providingincentivesfor
over $2 billion in renewableenergyinvestment;

• $14million will beusedto developand install systemsto provideaccuratelong-range
forecastsfor wind output;

• Thenew$500 million Low EmissionsTechnologyDevelopmentFundwill providesupport
for low emissionstechnologieswith significantlong-termabatementpotential;

• $75million allocatedto SolarCities trials will directlysupportfocuseduptakeofsolar
electricityandhotwateraswell asenergyefficiency and efficientpricing signals;and

• $230million wasalso includedfortheAustralianGreenhouseOffice to continuesupportfor p

greenhousetechnologyprojectsunderprogramssuchastheRemoteRenewablePower
GenerationandGreenhouseGasAbatementprograms.



4

Internationally - CarbonSequestrationLeadershipForum

Australiais contributinginternationallyto considerationofcarbondioxide geosequestrationby
beinganactivememberoftheCarbonSequestrationLeadershipForum. TheCarbon
SequestrationLeadershipForumis an internationalclimatechangeinitiative that is focusedon
thedevelopmentofimprovedcost-effectivetechnologiesfor theseparationandcaptureof
carbondioxide for its transportandlong-termsafestorage.ThepurposeoftheCarbon
SequestrationLeadershipForum is to makethesetechnologiesbroadlyavailableinternationally;
andto identify andaddresswider issuesrelatingto carbondioxide geosequestration.This could
includepromotingtheappropriatetechnical,political, andregulatoryenvironmentsfor the
developmentofsuchtechnology.

ThecharteroftheCarbonSequestrationLeadershipForumestablishesaframeworkfor
collaborationbetweengovernments,industry,researchers,andnon-governmentorganisationsin
sixteencountriesandtheEuropeanCommission.Theyare:Australia,Brazil, Canada,China,
Colombia,EuropeanCommission,France,Germany,India, Italy, Japan,Mexico, Norway,
RussianFederation,SouthAfrica, UnitedKingdom,andUnitedStates.

In June2003,at the inauguralmeetingoftheCarbonSequestrationLeadershipForumit was
agreedthataLegal, RegulatoryandFinancialIssuesTaskforcebeestablished.Oneofthekey
priorities in theshorttermis thedevelopmentof internationalregulatoryprinciplesfor carbon
dioxide geosequestration.Austtaliawasnominatedto takethe leadon theTaskForceandin
November2003hostedan internationalsequestrationregulatoryworkshopwith eight ofthethen
fifteenmembercountriesoftheCarbonSequestrationLeadershipForum. Thepurposeofthe
workshopwasto shareinformationon carbondioxide geosequestration,particularlyon
regulationandto discussan approachandproposedtimeframeto addressregulatoryissues.

Australiapresentedadiscussionpaperto theCarbonSequestrationLeadershipForumPolicy
Groupin January2004in Italy, which proposedacasestudy andgapanalysismethodologyto
identify andprioritisekey internationalregulatoryprocessesandgaps. Thepaperwaswell
receivedby CarbonSequestrationLeadershipForummembercountriesand it wasagreedthat
theapproachproposedin thepaperwould formthebasisofaworkprogramon legal, regulatory
andfinancialissuesrelatingto carbondioxide geosequestration.In particular,asetof
internationalbestpracticeregulatoryprinciplesweredraftedfor considerationby Carbon
SequestrationLeadershipForummembercountriesat thesecondMinisterial levelForum
meetingin September2004 in Melbourne.

TheCarbonSequestrationLeadershipForumLegal,RegulatoryandFinancialIssuesTaskforce
reporton considerationson regulatoryissuesis anon-bindingreport. Issuesidentified in the
reportemergedfrom theinternationalexperienceon carbondioxide geosequestrationprojects
andwhereexisting legislationis currentlybeingappliedto covercertaincomponentsofcarbon
dioxidesequestrationprojects. CarbonSequestrationLeadershipForummembersare
encouragedto considerthe issuesidentified in thereportin thecontextoftheir owndomestic
policiesandframeworks.

Domestically— CarbonDioxideGeosequestrationRegulatoiyWorking Group

The domesticandinternationalefforts shouldnotbe confused.TheAustraliandraft regulatory
guidingprinciplesfor carbondioxide geosequestrationandtheCarbonSequestrationLeadership
ForumTaskforcereporton considerationsfor regulatoryissuesaretwo distinctdocuments.

TheAustraliandraft regulatoryguidingprincipleshavebeendraftedspecificallywith ourown
local regulatoryneedsin mind. However,theyareconsistentwith the internationalprinciples
andour internationalobligations.



5

Manyaspectsofcarbondioxide geosequestration,particularlycapture,transportandinjection
aresimilar to currentpipelineandoil andgasproductionregulationin Australia. Storageof
carbondioxide is anewerarea.However,someofthemonitoring technologiesrequiredfor
carbondioxide storagearealreadyusedin theoil andgasindustry. •Forexample,seismicisa
technologythat is alreadyusedto assistin identifyingoil andgasresourcesandcanbe usedto
monitorthemigrationofcarbondioxide. Seismicoperationfor oil andgasactivitiesare
regulatedin Australia.

A carbondioxide geosequestrationproject is structuredarounda continuumof activitiesfrom the
emissionofcarbondioxide throughfourbroadstages:capture,transport,injectionandpost-
closure. In this document,thiscontinuumis simplyreferredto as ‘carbondioxide
geosequestration’for easeofreference.1

It mustbenotedthat geosequestrationis injectionandstoragein geologicalformations,whereasocean

sequestrationis injection into theoceanat depthsofgreaterthan2000metres.Oceansequestrationis notbeing
consideredby Australia.

Carbon DioxideGeosequestrationProjectL~fe Cycle

I
Source:CooperativeResearchCentreforGreenhouseGasTechnologies
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CarbonDioxide GeosequestrationRisks

Geologicalstorageofcarbondioxide aimsto mimic thegeologicalprocessesinvolving the
trappingandstorageofhydrocarbons(oftenwith carbondioxide). It utiliseswell provenmature
technologyfrom theoil andgasindustry for compression,injection, transportationand
monitoringofgasesandfluids. With appropriatesiteselection,monitoringandoperationofthe
site,thelikelihoodofleakagefrom thesubsurfacewill beextremelylow.

Theprocessofcapture,transportationandsub-surfaceinjectionofgasesandfluids are
undertakenin Australiaandinternationallyfor applicationssuchasgasstorage.Theoperational
standardsoftheexisting industriesthatroutinely undertaketheseactivitiesandtheapplicable
regulatorypracticesarewell establishedandeffective. Forexample,within thepetroleum
industry;enhancedoil recovery(whichofteninvolvestransportationandinjection ofcarbon
dioxide) is aproventechnologywhichhasbeenusedin theUS andCanadafor morethanthirty
years. This experiencehasled to toolsandexpertiseneededfor carbondioxide transportation
andinjectionto be managedsafely.

Theenvironmentalimpactandassociatedrisksofcarbondioxidegeosequestrationaredependent
on factorssuchasrock andfluid chemistry,physicsofthe reservoir,sealformationsandthe
integrity oftheencapsulatingstructures.Potentialchemicalandphysicalinteractionsbetween
thecarbondioxide andthesurroundinggeologyarethesubjectofongoingresearch.However
negativeenvironmentalimpactsofcarbondioxidewill notariseunlessit migratesbeyondthe
anticipatedcontainmentzone. Thepotentialenvironmentalimpactassociatedwith migration
beyondthecontainmentzonewould dependenton factorssuchaslocationofemissionand
concentrationofcarbondioxide.

Themostcommoncauseof carbondioxide exposurefrom geosequestrationprojectswould be
well headfailure thatresultsin carbondioxide leakage.In themajorityof casestheproblemis
quickly identifiedandthewell promptlyrepairedorplugged.

Subsurfacelateralmigrationoffluids throughgeologicalformationsoccursat therateof
millimetresto centimetres/year,suchthatduringthepost-injectionphaseofan injection project,
thelikely impactof carbondioxide on adjoiningsubsurfaceregionswill alsobeon geological
timescales,i.e. hundredsofthousandsto millions ofyears. The lateralmigrationratesofboth
carbondioxideandthedisplacedformationfluids will be greaterthanthis during injection2,and
monitoringtechnologieswill needto be deployedto determinewhetherthebehaviourofboththe
carbondioxideandthedisplacedfluids is mirroringthat predictedfrom pre-injectionmodelling.

Technicalissuesassociatedwith injection sitescanbe deliberatelytargetedin theearlyphaseof
aprojectthroughexploration,testing,dataacquisitionandmodellingandthereforecanproducea
highly developedunderstandingofanycomplexitiesanduncertainties.

Other Countriesandtheir Projects
Carbondioxidegeosequestrationprojectshavebeenoperatingsuccessfullyin othercountries
since1996. Norwayhasbeeninjecting onemillion tonnesofcarbondioxide per yearsince
September1996 in thesubsurfacebeneaththeNorthSeain theSleipneroffshoregasfield.
Carbondioxidehasbeenstrippedfrom theproducednaturalgasandinjectedinto asandlayer.
Sinceinjection started,carbondioxidehasbeeninjectedwithoutanysignificantoperational
problemsobservedin thecaptureplantor in the injectionwell. TheSleipnerproject is the first
commercialapplicationofcarbondioxide storagein deepsalineaquifersin theworld.

2 Therateof migrationduringthe injection phasewill besubjectto projectspecificqualities,forexample,therateof

injection,thepressureresultingfrom the injectionrateandthecharacteristicsofthe reservoir.
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TheWeyburnproject in theUS andCanadais the latestopportunityto monitor thesequestration
ofcarbondioxide in geologicalformations. Inthis case,thegeologicalformationis adepleted
oil reservoirwherebycarbondioxideis beinginjectedaspartofan enhancedoil recoveryproject
in theWeyburnoil field in SouthernSaskatchewanin Canada.Enhancedoil recoveryis a
commerciallyproventechnology. It hasbeenusedextensivelyin theUS, whereseventyfour
projectsarenow operating. Overthe20-yearlifetime oftheprojectit is expectedthatsome
twentymillion tonnesof carbondioxidewill be storedin theWeyburnoil field.

3. THE PROBLEM - NO REGULATORY FRAMEWORK FOR CARBON
DIOXIDE GEOSEQUESTRATION

Carbondioxide geosequestrationis arelativelynewtechnologywhich, asyet, hasnotbeenused
in Australia. It hasthepotentialto reducegreenhousegasemissionsfrom stationaryenergyand
othersources.While this relativelynewtechnologyis importantbecausefossil fuelsarelikely to
remainthemajorform of energyfor theforeseeablefuturetherearepotentialhealth,safetyand
environmentalriskswith carbondioxide geosequestrationwhichwill needto be managedby
governmentsto avoidnegativeconsequencesto thecommunity.

Forexample,theenvironmentalrisks associatedwith carbondioxideandits interactionwith the
atmosphere,soils,waterandthebiotaarerelatively well understood,however,furtherresearch
andmonitoring is requiredto fully understandthe issuesthatmaybe associatedwith long term
geologicalstorage.A hazardcanariseif carbondioxide,which is denserthanair, is allowedto
accumulatein low-lying, confinedorpoorly ventilatedspacesor if thereis agascloud release
occursif injection fails dueto thenon-odorousnatureofcarbondioxide. However,theserisks
canbeeasilymanagedwith adequatemonitoring. Thereis alsothe slightrisk ofcarbondioxide
migratingoutofthestoragereservoirandinto oneormoresurroundinggeologicformations.
This in turn couldresultin thecontaminationoffreshwateraquifers,and/orinterferencewith the
activitiesatproducingoil/gasreservoirsorcoalmines. s

Environmentalissuesthat will needto bemanagedinclude:
• thepotential implicationsofmixed gasstreams(i.e. in theeventof anunplannedrelease

from eitherthecapture,transportor injection stagesofa carboncaptureandstorage
project);

• the long-termimplicationsofcarbondioxide in-situ in geologicalstructures;
• theenvironmentalimplicationsof carbondioxidemigrationorescapefrom containment

zonesandtherisk oftheseeventsoccurring;and, I• theenvironmentalimplicationsofthestorageofnon-purecarbondioxide.While, carbondioxide is anaturally-occurringconstituentof airwhich is essentialto all life
forms, is anon-toxic,inert gasandis generallyregardedassafe,atelevatedconcentrations,
carbondioxide cancauseharmto humans.Theeffectsofelevatedcarbondioxide levelsdepend
notonly on theconcentrationbut alsothe durationofexposure.Theambientconcentrationof
carbondioxide in theatmosphereis currentlyabout370partsper million (ppm) or lessthan0.04
percent.Forhumans,thereareno adversehealtheffectsfor carbondioxide concentrationsup to
threepercent. While somediscomfortoccursfor concentrationsbetweenthreeandfive percent,
it is only for concentrationsabovefive percentthat thereareserious,possiblyfatal,
consequences.At concentrationsabove25 percentto 30 percent,lossofconsciousnessoccurs
within severalbreathsanddeathquickly thereafter.

p~..
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Thethreemain concernsassociatedwith carbondioxidegeosequestrationin termsofhealthand
safetyare:

(1) Thetransportof carbondioxide by pipelinepresentsapotentialsafetyhazardto workers
andthegeneralpublic (negativeexternality).

(2) The injectionof carbondioxideinto ageologicreservoirpresentsa potentialsafety
hazardto workers(negativeexternality);
Thestorageofcarbondioxidebin ageologicreservoirpresentsapotentialsafetyhazard
to thegeneralpublic (negativeexternality).

A moredetailedanalysisofthenegativeexternalitiesassociatedwith health,safetyandthe
environmentfor carbondioxidegeosequestrationaredescribedatAttachmentB

.

Anothermatterofconcernforcarbondioxidegeosequestrationis the lackofaconsistent
frameworkhasthepotentialto causeuncertaintyfor projects. Thatis, if proponentslookingto
investin carbondioxide geosequestrationarefacedwith unclearandinconslstentrequirements
andlittle guidanceon howto proceed,theycoulddecideto investelsewhere.

In this relatively newfield, aregulatoryframeworkto assessandmanagecarbondioxide
geosequestrationactivitiesis currently lacking,especiallytheaspectof storage.A nationally
consistentregulatoryframeworkthat aimsto minimiseenvironmental,healthandsafetyrisks
andprovidesmethodsfor dealingwith anylong-termrisksandinvestorcertaintywould provide
asignificantstartingpointforjurisdictionswhenconsideringtheirownregulatoryneeds.
However,it is importantto notethateachjurisdiction would decidehowto apply thatregulatory
framework.

It is also importantto notethat whereregulationis recommendedin thispaper,theultimateform
oftheproposedgovernmentregulationundertheCouncil ofAustralianGovernmentRegulatory
ImpactStatementprocesshasnotbeendecided. Furtherdiscussionandresearchwill be required
prior to makingadecision.

4 OBJECTIVES

Theobjectiveof governmentis to introducearegulatoryframeworkwithin whichindustrycan
developanemergingcarboncaptureandstoragetechnologicalprocess.The frameworkneedsto
betransparent,predictableandpracticalprovidingcommunityconfidenceandinvestorcertainty.
Thepurposeoftheframeworkwill be to improveeconomicefficiencyandcertaintyin
environmental,healthandsafetymanagementwhereverpossible.The frameworkshould
providefor thedevelopmentofregulationwhichwill allow consistencyin assessmentand
approvalprocessesfor regulatorsin cross-jurisdictionalprojectsin Australia. Theproposed
frameworkdoesnot explicitly increasetheeconomicincentiveto undertakegeosequestration.

The frameworkwill aim to be:
• in thebestinterestsofthecommunityin theareasofhealth,safety,environment,

economicconsequencesandgovernmentaccountabilities;

• basedon soundrisk managementprinciples;sciencebasedandrigorous,yetpracticalin
approach;

• clearandconsistentin laying out rightsandresponsibilitiesofparticipants;

• efficient (cost-effective)from participant,governmentandcommunityviewpoints;

• timely andcomprehensivein consideringplanningandapprovalrequests;

• adaptableandlearning-orientedto profit from experienceandfuturedevelopmentsin
technologies,marketsandinstitutionalarrangements;
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• flexible to allow for futuregovernmentdecisionsregardingpossiblegreenhousepolicy
measures;and

• in aform thatmaintainsAustralia’sinternationalcompetitiveness.

Therole for Governmentin themarketis to optimisethecompetitionandregulatoryframework.
Thereis arole for Governmentin correctingmarketfailures,includingcounteringsocially or
environmentallyundesirableoutcomes.For example,themarketmaynotproperlyvalue
externalitiescreatedby energyefficiencyor innovation. But governmentinterventionis justified
only whereit is well targeted,cost-effective,affordableandefficient,promotingappropriate
signalswithin acrediblelong-termframework.

5. ANALYSTS

The sevenkey issuesidentifiedby theRegulatoryWorkingGroupasbeingfundamentaltothe
successfulimplementationofacarbondioxide geosequestrationframeworkhavebeenanalysed.
Thesekey issuesare:

• Accessandpropertyrights

• Longtermresponsibilities

• Environmentalprotection

• Authorisationandcompliance

• Monitoring andverification

• Transportation

• Financialissues

Eachissuewill be analysedusingthreeoptions.

Option 1 .— Rely on market — no regulation
Marketbasedmethodsprovidefirms andhouseholdswith incentivesto act in asociallypreferred
way. Theycanoftenbemorecost-effectivethanregulations.The marketshouldberelied on if
thereis the incentivefor individualsandgroupsto actin acertainway which leadsto thedesired
communityoutcome. Suchincentivesmayincludeindustrysurvival,marketadvantageor the
threatofmoresevereregulation.

Option 2 — Selfregulation
Theoptionofselfregulationinvolvesindustrydevelopingandadheringto regulationitself. This
shouldbe consideredwherelow risk eventspresentno majorpublic healthandsafetyconcerns
andenvironmentalor otherimpactson thecommunity. Selfregulationin thecontextofthis
Council ofAustralianGovernmentsRegulatoryImpactStatementis characterisedby industry

formulatingrulesandcodesofconduct. Sometimesrulesorcodesofconductaredevelopedto Iprotectorconfercommercialadvantageon onegroupoveranother,or to excludenewentrantstoanindustry. Ontheotherhand,standardscansometimesreducetheability for consumersto

chooselower costand/orlowerquality productsandservices.Selfregulationis common
amongsttheprofessionalandfinancialsectors.

Option 3 — Governmentregulation
Governmentregulationin thecontextofthis Council ofAustralianGovernmentsRegulatory
ImpactStatementis characterisedby quasi-regulation,which refersto awiderangeof rulesor
arrangementsby which governmentsinfluencebusinessesto comply, butwhich do not form part
oflegislation. Co-regulationtypically refersto thesituationwhereindustrydevelopsand
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administersits ownarrangements,butgovernmentprovideslegislativebackingto enablethe
arrangementsto be enforcedandexplicit governmentregulationrefersto primaryorsubordinate
legislation. Explicit regulationshouldbeconsideredonly wheretheproblemis perceivedto be
high risk, thereis aneedto providelegal sanctionsandconsistentapplicationis required.
Governmentregulationcouldalsobe amixtureofthesedifferent forms.

Eachanalysiswill considerwhethertheoption:

• aimsto protectthecommunity’sinterests,particularlyto minimiserisks to health,safetyand
theenvironment;

• will provideanationally transparentandconsistentapproachto carbondioxide
geosequestration— this is important sothatjurisdictionscanlearnfrom eachothergiven it is
arelatively newtechnology;

• is efficient(cost-effective)from projectproponent,governmentandcommunityviewpoints;

• is flexible to allow for futuregovernmentdecisionsandpossiblegreenhousepolicy

measures.

Eachissuewill beanalysedusingthethreeoptionsi.e.no regulation,selfregulationor
governmentregulationandtheobjectivesdescribedabove. In addition,theissueofcost
recoveryis alsoconsideredfor eachofthesevenkey issuesdescribed.Whenthecostorbenefit
ofoneofthesevenkey issuesis notknown, furtherinformationhasbeenrequested.

5.1 ACCESSAND PROPERTY RIGHTS

Externalitiesarisein theabsenceofwell-defined,exclusiveandenforceablepropertyrights. A
propertyright is anentitlement,or bundleofentitlements,definingtheowner’sright to usea
resourceandanylimitationson its use. Forpropertyrightsto be effective,theownermustbe
ableto excludeothersfrom theproperty,to appropriatethebenefitsfrom theproperty,to prevent
othersfrom damagingtheproperty,andto enforcethepropertyrights. Whensuchproperty
rightsexistthecostsandresponsibilitiesassociatedwith anactivity areborneandbehavioursare
modifiedsuchthatexternalitiesno longeroccur.

Resourcesmaybeusedinefficiently whereexternalitiesexist. Therefore,ownershipofcarbon
dioxideat eachstageofacarbondioxide geosequestrationprojectneedsto be establishedin
legislationandbetransferable,with therightsandresponsibilitiesassociatedwith ownership
clearlydefinedandpredictable,taking into considerationthe longtermrisksandmanagement.

In addition,theapprovalofcarbondioxidegeosequestrationproposalsshouldtakeinto account
thepublic goodaspectofcarbondioxide geosequestrationin termsof greenhouseemissions
avoided. Existing andfuturesurfaceandsub-surfacerights, asreservoirsandinjection sitesare
likely to be subjectto competingclaimsfrom otherusers.

To limit theconcentrationsof“impurities”, si~chashydrogensulphideandnitrousoxide, in the
gasthequality ofcarbondioxidethatcanbe sequesteredwill needto be definedto avoidcarbon
dioxide geosequestrationgasbeingclassifiedasawasteproduct.

Option 1 — no regulation
Contract,commercialandpropertylaw could beusedto regulatetheownershipandtransferof
carbondioxide. Thiswould meanthatpriceswould besetby marketmechanismsandwould
thereforebeconsistentwith otherenergysources.In addition,carbondioxide geosequestration
is an applicationofanewtechnologywhereno precedentexistsfor contract,commercialand
propertylaw, in Australia,whichcouldprovecostlyandtimely if litigationwaspursued.
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Theownerofthelandcouldallocateporespacein accordancewith freeholdtitle in some
jurisdictions. Landownerscouldalsouseveto rights to blocksiteaccessto thosewishingto

• sequester.Accessarrangementswould needto be negotiatedwith the landownerandthis may
impedecarbondioxide geosequestrationif theownerutilisedthatvetopower. Any contractual
arrangementfor thepurchaseof ageosequestrationsitewould needto includesuchrisks,which
would benegotiatedandagreedwith the landownerpriorto signature.

Marketallocationmethodssuchasauctionandtenderscould beusedto allocatestoragesites.
This methodwouldensurethat themarketdeterminestheprice. Howeverfearsremainthat a
monopolypowercouldexist. Lackof competitioncould preventthird partyaccessto the limited
numberof storagesites,monopoliescouldresultin thesocietysub-optimaloutcomesof
decreasedstorageopportunitiesandpricesbeingsetat inefficiently high levels. Theexistenceof
substitutetechnologiescoulddecreasethelikelihoodof monopoliesdeveloping.

Option 2 — self regulation
A codeofconductcouldbe establishedto governaccessandpropertyrights for instancein
negotiatingaccessto landwith landowners.Thiscouldinclude industrystandardssuchasthose
thatarealreadyutilised in similarareassuchaspetroleumandmining, for instancenativetitle.
Wheremattersofaccessareuncertaincommonlaw (tortsandcontract)andexisting legislation
(eg. commercialandenvironmental)couldbe requiredfor disputeresolution. However,thereis
likely to beuncertaintyfor bothprojectproponentsandlandownersin relying on commonlaw,
becausecarbondioxide geosequestrationis arelativelynewtechnologyandas for theoptionof
no regulation,precedentdoesnot existwhich couldprovecostlyandtimely.

Option 3 — government regulation
To providecertainty,thepoint of changein ownership/responsibilityfor thecarbondioxide
needsto beclarifiedto allow storageandmovementof carbondioxide. In addition, ownership
ofstoragesites.includinggovernmentor privatelandowners,vetopowerandcompensationneed
to be clearlydefined.Thenatureandscaleoffuturecarbondioxide geosequestrationprojects
will be influencedby technicalpracticalities,costsandthearrangements.While thesefactors
cannotbeanticipated,suitablecarbondioxidereservoirsmaybe scarceandcontested,andthere
is aneedto providefor thesimultaneousand(wherepossible)subsequentuseofreservoirsby

• multiple injectors.

Governmentregulationneedsto ensurethata frameworkprovidesfor issuesincluding,permits
thatcoverexplorationandutilisation ofstoragesites,duty ofcareconsiderations,compensation,
andcostrecovery/pricingstructurefor storageandaccess.A statutorydefinitionofstoragesite
to storecarbondioxide is neededto ensurethat only suitablestoragesites,in termsofgeological
characteristics,areusedto storecarbondioxide.

DifferentStateandCommonwealthtechnicaladvisorybodiesmayexistto providesuitability
assessmentandprojectapprovalsfor carbondioxide geosequestration.Thesejurisdictionsmay
havedifferent approachesleadingto a lackofnationalconsistency.Developingaframeworkfor
carbondioxide geosequestrationbasedon existing frameworks,accommodatingthebestfeatures
ofeachoptionandensuringconsistencywith existing regimeswould avoidduplication. New
regulationcouldbe introducedwheretherearegapsin existingregulationorwhereexisting
regulationis inapplicable.Regulationcouldbe in the form ofneworexistingarrangements/
regimesto resolvejurisdictionalissuesbetweenStateandCommonwealthto dealwith offshore
andonshoreownership.
Recommendation
Usingexistingcontract,commercialandpropertylaw would not imposeadditionalcostson
interestedpartiesunlessthereareconflicts. Explicit governmentregulationis thepreferred
optionasit would be transparent,providecertaintyandspecificallyregulatecarbondioxide
geosequestrationactivitieswith theaim to minimise associatedrisksto health,safetyandthe
environment.Governmentregulationwould bestprotectthecommunity’sinterestsby including
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thebestfeaturesofexisting frameworksandintroducingnewregulationwheretherearegaps,
codesofconductwould be enforceable,it would benationallyclearandconsistentandit would
be flexible enoughto allow for anyfuturechanges.

5.2 LONG TERM RESPONSIBILITY

Potentialsourcesof liability for carbondioxidegeosequestrationincludepublic healthimpacts
andenvironmentalandecosystemdamage.Carbondioxide is generallyconsideredasafe,non-
toxic gasat low concentrations,anddoesnot directlyaffect humanhealth. However,thegasis•
denserthanair andmayre-accumulatein low-lying, confinedorpoorlyventilatedspaces.The
choiceof appropriatesitesis thebestway to minimiseanyadverseeffectsrelatedto carbon
dioxide geosequestrationstorage,thepossibleincreasein mitigation andmanagementofrisk and
levelsof fugitive emissionsfrom capture,transportandinjectionfacilities.

The issueofcostrecoverymaybeaconsiderationin relationto long termresponsibilityfor
geosequestrationsites. It hasbeenproposedby theRegulatoryWorking Groupthat government
acceptlong termresponsibilityfor sitemonitoringandmaintenancefollowing demonstrationby
theproponentthat aminimum setofcriteria is met. Whatevertheserviceprovided,it maybe
appropriateto seekcostrecoveryfrom industry. If costrecoveryis notundertaken,thecoststo
governmentareeffectively borneby thecommunity(taxpayers).However,wherecostrecovery
is undertaken,theadditionalcoststo thoseutilising governmentservicesmaybepassedon the
final consumersoftheproduct,(in this caseenergy),otherwisemakecarbondioxide
geosequestrationanunfeasibletechnology.

The issueoflegalliability is typically assessedin thetermsofnegligenceandstrict liability.
Negligenceis thefailure ofpersonsorcorporationsto follow reasonablecare. Thatis, they
would find aprofessionalnegligentif theydid not exercisetheskill andknowledgenormally
possessedby membersofthesameprofession.Strict liability is aneffort to internalisecosts.
That is, apersonor corporationis heldliable for theharmthathis, her orcorporateactivity•
causedregardlessofwhetherreasonablecarewasused.

Postclosureliabilities in thepost closureperiodwill needto be clear. Analogiesfromthe
decommissioningofpetroleumandminesitesoperations,long termmanagementofhazardous
wastedisposalsites andcontaminatedsite remediationprovidemodelsto assistin understanding
liabilities in thepostclosurephase. Usingthesemodels,theprojectproponentsretainsome
liability over thesitein thepostclosureperiod. However,it is likely that governmentwill
assumesomeliability for theprojectparticularlyin the longer-term.The scope,natureand
allocationofliability following siteclosureneedsto be resolvedby decidingwhetherexisting
commonlaw is adequateor whetheramendmentsto existingregulationornewregulationis
requiredto providegreaterclarity.

Clearlydefininglong-termresponsibilitiesandliabilities associatedwith carbondioxide
geosequestrationprojectsis apriority. Thelack ofaclearframeworkwith whichto consider
long termresponsibilitiesand liabilities could leavegovernmentandfuturegenerationsexposed
in termsofenvironment,healthandsafetyrisk andfinancialcost. How long-term
responsibilitiesaremanagedwill beakey factor in gainingcommunityacceptanceof carbon
dioxide geosequestrationprojects.

Option 1 — no regulation
Currently,commonlaw would find apersonnegligentif theydo not exercisereasonablecare.
While thereis caselaw relatingto environmentalissuescarbondioxide geosequestrationis a
newtechnologyandno precedentexistsfor thisparticularmatter. Relyingon commonlaw
couldprovecostlyandtimely for industry if litigation waspursued.Thiswould create
uncertaintyfor thecommunity,governmentandindustry.
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Option 2 — selfregulation
Most industrystandardsandcodesrelateprincipallyto operationalperiodsfor up to several
decades,perhapsasmanyasonehundredyears. In contrast,carbondioxide storageis required
for thousandsofyears. Newstandardswould needto be developedby industry,whichwould be
costly for businessesbut beneficialfor governmentandthecommunity. However,withoutsome
form ofincentive,businessesarelikely to takecommunityconcernsinto accountandtherefore,
industrymaynotvoluntarily developappropriatestandardsorcodesfor carbondioxide
geosequestration.

It couldbe arguedthat industryshouldbe responsiblefor carbondioxidegeosequestration
projectsfollowing closurein the long term. Thiswill becostly for the industryto performthis
functionandcouldresultin industrychoosingbetweeneconomicandsocialresponsibilities.
Commonlaw would needto be relied uponsimilar to theoptionofno regulationwhich would
causeuncertaintyfor thecommunity,industryandgovernment.

Thereis alsothequestionofwhopaysif theproponentis declaredbankruptorceaseto exist. In
theeventofacompanybankruptcy,it is notclearhowresidualresponsibilitywill be managed.

Option 3 — government regulation
Appropriateregulationandmanagementfrom theplanningandsite selectioncandecreaselong-
termrisks to public healthandtheenvironment.Any regulatoryframeworkwillneedto place
humanhealthandsafetyattheforefrontto gain public acceptanceofcarbondioxide
geosequestration.

Long-termresponsibilityfor thedecommissioningandrehabilitationofonshorecarbondioxide
sequestrationfacilities will be largelyaStatebasedmatter. In contrast,theoffshore
decommissioningandrehabilitationof facilities is morecomplexdueto internationalguidelines
andtreaties,anddueto theguidelinesandtreatiesbeingsetup priorto carbondioxide
geosequestrationtechnology.Accordingly,theoffshoredecommissioningandrehabilitationof
facilitieswill be,to someextent,dependenton the interpretationoftheseinternationaltreaties.
Thiswork is beingprogressedthroughtheInternationalEnergyAgencyin conjunctionwith
CarbonSequestrationLeadershipForummembers.

A multitudeofState,TerritoryandCommonwealthregulationspotentiallyapplyto carbon
dioxidegeosequestrationactivities, bothpreandpost closure.A commonandconsistent
governmentregulatedframeworkthat considerslong termresponsibilitiesandliabilities
associatedwith carbondioxidegeosequestrationactivitieswill berequiredto ensure
governmentsandfuturegenerationsarenotexposedto healthandenvironmentalandfinancial
risksand financialburden.

Decommissioningandrehabilitationregulationsthat arecurrently in placefor themining and
petroleumindustriescould be adoptedfor carbondioxidegeosequestration.In particular,the
existingpetroleumregulationatboth aStateandCommonwealthlevel providesguidelinesfor
thedecommissioningoffacilities that aresimilar in natureto thosefor carbondioxide
geosequestration,which couldbe utilised. This is particularlyrelevantfor highpressure
pipelinesandwells.

Petroleumandmine siteoperations,long-termmanagementofhazardouswastedisposalsites
andcontaminatedsitesremediationprovidemodelsto assistin understandingliabilities in the
postclosurephase.If thesemodelsareused,theprojectproponentswill retainsomeliability
overthe sitein thepost closureperiod.

Governmentsshouldnotpermit siteclosureuntil theyaresatisfiedto ahighdegreeofcertainty
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that futurelanduseobjectivesaremet, residualrisksofleakageandliability areat anacceptably
low level,andongoingcostsassociatedwith thesiteareacceptablylow or canbeotherwise
managed.Theburdenon governmentwould includetheinitial assessingof site optionsand
ensuringthat theclosureof sitesis adequatelyaddressed.

Thecostofthedevelopingpost-closuremanagementphasefor the transferoftheenvironmental
andhealthriskwill fall to proponents.However,somebenefitswill accrueto thegeneralpublic
suchasthereductionin possibleliability on consumersby ensuringall prerequisitestandards
andconditionsaremetfor transferof ownershipfrom privateto public orbetweencommercial
parties..

Recommendation
The managementof long termresponsibilitiesandliabilities will be a key factorin gaining
communityacceptanceof carbondioxidegeosequestrationprojects. The long-termrisk of
carbondioxide geosequestrationto health,safetyandenvironmentcanbe minimisedby•
regulationoftheseaspectswherepossibleatthecommencementoftheproject. Therefore,the
optionofgovernmentregulation,which includesa combinationofexplicit regulation,co-
regulationandquasi-regulation,would bestachievethedesiredobjectives. Thatis, the
community’sinterestswould bebestprotectedby appropriateregulation,modellingexisting
successfullong-termmanagementregulation,beingin placefrom theoutsetof carbondioxide
geosequestrationactivitiesthereforeminimisinganypossiblerisk andfinancialburden.
Governmentregulationthat is commonandconsistentratherthanunrealisticallyrelyingon
privateowner/operatorsor industryto remainresponsiblefor thesite in perpetuitywould ensure
that thecommunity’sinterestsareprotected.

5.3 ENVIRONMENTAL ISSUES

The environmentalissuesandrisksassociatedwith carbondioxideandits interactionwith the
atmosphere,soils,waterandthebiotaarerelativelywell understood.However,furtherresearch
andmonitoring is requiredto fully understandthe issuesthatmaybeassociatedwith long-term
geologicalstorage..Existing environmentalregulationatbothCommonwealthandStatelevels
couldbeappliedto carbondioxidegeosequestrationprojectswith minoramendments.

Commonwealthenvironmentalregulationthat mayapply to carbondioxide geosequestration
includestheEnvironmentalProtectionandBiodiversityConservationAct1999andthe
Petroleum(SubmergedLands)(ManagementofEnvironment)Regulations1999. Additionally,
StateandTerritory legislationcoveringenvironmentalaspectsofplanningandapproval
processesfor industrialprojectsmayalsoapply.

Theprimaryissuefor carbondioxide geosequestrationprojectshowever,from anenvironmental
protectionperspectiveis likely to be provingthescience,public perceptionandconfidence.
Therefore,all existingCommonwealth,StateandTerritory environmentallegislationmay
requireamendmentsspecificallyto allow for carbondioxide gas.

Option 1 — no regulation
Relyingon themarketandnot regulatingcarbondioxide geosequestrationwould notaddressthe
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communityconcernsofenvironment,healthandsafety. Therewould beno frameworkto guide
theindustryon what is expectedofit, particularlyin termsofwhat it shouldtakeinto accountin
engagingthecommunityandarriving atacceptableenvironmentalperformancestandards.
Industrywould be responsiblefor developingits ownprocessesfor establishingappropriate
operatingstandards.In thecaseofanenvironmentaleventwheretherewasno regulationand
theproponentwasunableto financethecosts,governmentoutlayswould be substantialasthey
would be left to rehabilitatethesite.

Equally,thecommunityandgovernmentwould haveno frameworkfor beingassuredthat
industryproposalsaresubjectto appropriateenvironmentalscrutiny. Achievingacceptable
standardsandcompliancewould be throughcommunityreactionto operations,andthis is likely
to leadto uncertaintyfor all partiesandahighpotentialfor disputesbetweenthe industryand
communitygroups. K

K-
Relying on themarketwould notprovideanyincentivefor specificscientificresearchto be
carriedout to proveup thesciencerequiredfor greaterconfidencein the technology.

In thecaseof regulationsensuringcertainlevelsofprotectionin relationto geosequestration
activities, it is arguablethat thebroadercommunitybenefitsthroughgreatersafetyand
environmentalassurances.However,theonly reasonconsumersrequirethis additional
protectionis becausecompaniesundertakegeosequestrationactivities. Externalitiesflowing
from geosequestrationactivities,which includenegativeperceptions,makethecommunity
worseoff, andregulationswhich seekto protectconsumersagainstthis returnthemto thestatus
quo. Costscreatedby anunregulatedenvironmentaregeneratedby the individual companies
undertakinggeosequestrationactivitiestherefore,the seekingofcostrecoverymaybe
appropriatein this instance.

Option2 — selfregulation
Selfregulationwould requireindustryto settheenvironmentalperformancestandardsit
consideredacceptable.Many ofthepotentialnatural,cultural,social,economicand
environmentaleffectsofcarbondioxidegeosequestrationoperationswould occurexternalto the
operations.Therewould be significantcommunityconcernthattheseexternalitieswould notbe
adequatelyaccountedfor by the industryin settingtheperformancestandards.

Similarly to theoptionofno regulationtherewould be no frameworkto guidethe industryon
what is expectedof it, particularlyin termsofwhatit shouldtakeinto accountin engagingthe
communityandarrivingat acceptableenvironmentalperformancestandards.

It couldbe arguedthat lackof regulationdoesnotprovideadequateoversightof industry
activities, thusabrogatingthegovernmenttsresponsibilitytoprotecttheenvironmenton behalfof
thecommunity. Equally,industrycouldarguethat thereis inherentuncertaintyandpotentialfor
costlydelaysandinterruptionof operationsthroughtheactionsofgroupsopposedto theindustry
or particulardevelopments.
Carbondioxidegeosequestrationprojectproponentswould be responsibleto thecommunityasa

• whole andnot justto thepartiesinvolved in acontractualagreement.Therefore,environmental
issueswould needto be includedin contractsandcodesofconduct.However,if thedispute
resolutionmechanismsetout in thecontractor codeof conductis insufficient,commonlaw and
existing environmentallegislationwould berelied on to provideadvice,compensationand
penaltyoptions. If situationsarosewherecommonlaw andlegislationmustbereferredto, this
couldleadto increasedcostsin the form of legal feesandpossiblecourt costs,particularly
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becausecarbondioxide geosequestrationis anewtechnologyandno precedentexistswhich
couldprovecostlyandtimely if litigation waspursued.Thiswould createuncertaintyfor the
community,governmentandindustry.

Option 3 — government regulation
As describedin thesectionon long termresponsibility,decommissioningandclosureof
petroleumandmine sitesandlong termmanagementofhazardousandcontaminatedwastecould
providea model for carbondioxidegeosequestration.

Industrywould be requiredto complywith aregulatoryregime,regulatorswould berequiredto
ensurecomplianceandcommunityinterestgroupswould beinvolved to agreaterorlesserextent
in consultationduringtheapprovalsprocessandattimes in assessingperformanceor impactof
particularoperations.Costsfor governmentwould includeensuringindustry’scompliancewith
theregulations,administrationandpublic reportingon inventory andenvironmentalaspects
however,therewould bereductionsin governmentoutlaysthroughpreventablehealth,safety
andenvironmentaldamage.

Benefitsfor thegeneralpublic of governmentregulationincludedecreasedin carbondioxide
emissions,possiblecontributionto sustainableenvironmentfor futuregenerations,potential
improvedhealthandsafety,andincreasedpotentialfor consumer/publicsatisfactionasrisks are
reduced.

Recommendation
In termsofthecommunity’sinterests,havingno regulationwould not adequatelyaddressthe
protectionoftheenvironmentsandthepotential externalities.The optionsofno regulationand
selfregulationwould both resultin the industrybeingleft to settheenvironmentalperformance
standardsit consideredacceptable.Existingregulationcouldbe generallyappliedto carbon
dioxide geosequestrationactivitiesorcould beslightly amendedatminimal costto specifically
applyto carbondioxide geosequestration.This wouldthereforebe costeffective,clearand
consistentaswell asprotectingthecommunity’sinterests.Therefore,theoptionofexplicit
governmentregulationwould bestachievethedesiredobjectives.

Authorisationandcomplianceis importantnotonly for financialreasons(assessmentof
royalties,possiblegovernmentdues,determinationofsurfacepropertyandmineralrights) but
also for practicalreasonssuchasrecordkeepingto avoid earliercarbondioxide storagesitesas
well asdataon weliborefeatures.Authorisationandcomplianceis also importantto ensurethe
rights andresponsibilitiesofcommercialpartiesandinterestsofcommunitiesareaddressed.
Activities for authorisingandensuringcomplianceofcarbondioxide geosequestration
operationsarecloselyrelatedto thoseprocessesassociatedwith alreadyestablishedcommercial
industries,suchasmining andpetroleum.
Option 1 — no regulation
Commonlaw andstatutelaw couldbe usedto enforceany authorisationandcomplianceissues
thatarise. This maynotbepublicly acceptablebecauseauthorisationandcomplianceis amajor
partofminimisingrisk, especiallypotential environmentalrisks. If situationsarisewhere
commonlaw andlegislationmustbe referredto, this couldleadto increasedcosts in theform of
legal feesandpossiblecourtcostsparticularlybecausecarbondioxidegeosequestrationis anew
technologyandno caselaw currentlyexists. Thiswould createuncertaintyfor thecommunity,

5.4AUTHORISATION AN]) COMPLIANCE
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governmentandindustry.

For business,abenefitwould beno increasein costssuchascomplianceandmonitoringcosts
thatwould beassociatedwith havingto alterproductionandtime spenttrainingstaff. For
governmentthepotentialcostswould be to the environment,healthand.safetyofthecommunity.
In addition,lack ofauthorisationandcompliancefor carbondioxide geosequestrationactivities
could leadto environmentaleventsthatwould negativelyimpacton ourinternationalrelations,
particularlyif it is theresultofbeinginconsistentwith internationalguidelinesandtreaties.

Option 2 — self regulation
A codeofconductcould be establishedandutilised for monitoring,authorisationand
compliancewith environmental,healthandsafetystandards.Public accessibilityto this
informationwould ensuretransparencyandaid in consistencyandcompliance.However,acode
of conductwould lackenforceabilityexceptthroughcontractlawor if usedin conjunctionwith
regulation.

The lack ofincentivefor businessto setstandardsashigh as governmentmight setmaybe
beneficialasthecostof implementationandcompliancemaybe lessthanif government
regulationwasintroduced. If acodeof conductor industryagreementwasintroducedthe
compliancecoststo businesswould increase.

Option 3 — government regulation
If carbondioxide geosequestrationregulationsfor authorisationandcompliancemechanisms
wereintroducedto addresspotentialenvironment,healthandsafetyrisks, theseregulations
wouldneedto addresstherightsandresponsibilitiesofcommercialpartieswhile seekingto
protectthecommunity’sinterests.

Activities forauthorisingandensuringcomplianceofcarbondioxidegeosequestration
operationsarecloselyrelatedto thoseprocessesassociatedwith establishedcommercial
industrieswhich form partofthechainofactivitiesassociatedwith carbondioxide
geosequestration.

Regulationequivalentto existingenvironmentalregulationsformineralprocessing,chemical
manufacturingorelectricitygenerationplantscouldbeappliedto carbondioxide
geosequestration.Similarly, regulationequivalentto existingoccupationalhealthandsafety
regulationsfor chemicalfacilitiescouldbeappliedto carbondioxide geosequestration.
Newregulationin theform ofmodifiedexisting legislationor theintroductionofnewlegislation
mayneedto be adoptedto ensuregeologicalcarbondioxidestoragesitesaremanagedsafely.
Specifically, for eachpotentialgeologicalcarbondioxide storagesite,it needsto be
demonstratedthat the leakageswill be reducedto minimum levelsandthedispersionsufficient
enoughto preventtheaccumulationofhazardouscarbondioxideconcentrations.

Thecoststo businessincludecostssuchascompliancewith changesin applicablelicensingor
environmentalrequirementsandcompliancewith changesin regulationsgoverningoperating
procedures,whichwould adjustthecostsofregulationon business.However,Government
regulationwould alsobenefitbusinessby increasingcertaintyin regulatorycompliancecosts.

Recommendation
As authorisationandcomplianceis amajorpartofminimisingrisks,havingno specific
regulationor relying on acodeofconductwithoutgovernmentbackingmaynotbepublicly
acceptablebecausetherewould be no enforceabilityexceptthroughgeneralcommonlaw and
statutelaw. A nationallyagreedframeworkfor regulationon theotherhand,which is common
andconsistent,could allow flexibility whennecessary,could specificallyaddressissues
regardingtheminimisationofrisks,andcould becosteffectivebecauseexisting legislation
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couldbe slightly modifiedto applyto carbondioxidegeosequestrationactivitiestherefore
minimising costs. Therefore,theoptionofexplicit governmentregulationwould bestachieve
thedesiredobjectivesfor authorisationandcompliance.

After acarbondioxidestoragereservoirhasbeensealed,thetimeduringwhich thereservoiris
over pressuredwouldappearto representthegreatestpotential for short-termsignificantleakage.
Currentmodellingcalculationssuggestthatthis timeperiodis relativelyshort a fewdecades.
Thus,effectivesealingatabandonmentwould decreasethechancesofleakageduringthis
transientperiod. Drilling throughthestorageformationfor otherpurposesalsoposesrisks.
Monitoring andverificationofweilboreleakagein thedecadesfollowing theendofcarbon
dioxide geosequestrationinjection is likely to be detectedandtherefore,canberemediated.

Ideallymonitoringshouldbe carriedoutpre injection, duringinjection andpostinjection.
• Monitoring sitesshouldbe varied,includingseveralhorizons,atthesurface,in theshallow
subsurface,in thedeepsurface,and in the injectionzone. In addition,monitoring in andaround
thewell boresshouldbe carriedout,which overlapswith theprevioushorizons.

Monitoringandverificationofcarbondioxidegeosequestrationprojectsneedsto beableto
deliverhighquality informationthatcanbeusedto effectivelyandresponsiblymanagehealth,
safety,environmentalandeconomicrisks; informationon thevolumeandlocationofgreenhouse
gasemissionsthathavebeenabatedandarestoredundergroundwhichareaccurateenoughto
meetinventoryreportingandcommercialrequirements;andto engenderpublic confidence.

Option 1— no regulation
Commercialdriversfor monitoringandverificationareprofit focusedandthereforedo not
alwaysaccountfor theinterestsofthecommunity,orderlymarketdevelopment,legaland/or
statutoryrights ofcommercialstakeholdersandaccurateaccountingfor emissionsto meet
governmentreportingobligationsandpolicy needs.

Thismaybenefittheproponent,astherewould be no increasein costssuchascomplianceand
monitoringcostsassociatedwith havingto alterproductionandtime spenttraining staff. Onthe
otherhandthecommunityandgovernmentwould incur health,safetyandenvironmentalcosts.
However,somecompaniesmaywishto do their own monitoringandverification.

Option 2— selfregulation
A codeofconductcouldbe establishedbut this optionmaynot be sufficientbecauseit maynot
meettheneedsofthecommunity. Forexample,possibleincreasesin themitigation and
managementofrisk andthetimeframerequiredfor ongoingmonitoringandverification for
industryoflevelsoffugitive emissionsfrom capture,transportandinjectionfacilitieswould
increasecoststo industry. While industrystandardscould beutilised, currentlyindustry
standardsarefocusedon shorttermratherthanthe longer-term.
Option 3— government regulation
Themainjustificationsprovidedfor conductingmonitoringonceaproject is completeare
confirmationthat thereis no leakage,public confidenceandaccountingfor greenhouse
emissions.A regulatoryframeworkshouldbe ableto delivermechanismsfor monitoringand
verification to:

• establishdataon thesurfaceand subsurfaceenvironment;
• monitor theprojectenvironmentto manageand mitigatehealth,safetyandenvironmentrisks;

5.5 MONITORING AND VERIFICATION
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• ensurecertainstandardsforhealth,safetyandenvironmentand subsurfacebehaviourof
geosequestrationgasaremet beforeresponsibilityfor theprojectis transferredfrom privateto
public interests;and

• developandmanageamonitoringand verificationplanto coverthepost-closureperiodafter
responsibilityfor theprojecthasbeentransferredto public handsincludingoutlining howthis
ongoingmonitoringwill be funded.

Monitoringandverificationis carriedout in relationto storageofothermaterialssuchas
undergroundgasstorage.Projectscouldbe monitoredunderexistingframeworksincluding,
inter alia, for pipelines,petroleum,mining, orwastedisposalwith minor legislativeamendments.
A frameworkspecificallyfor carbondioxidegeosequestrationcouldbe developed.

While existingregulationcouldenablecarbondioxidegeosequestrationprojectsto be managed
effectively in theshortterm,carbondioxide geosequestrationis adifferentprocessfrom
extractionofhydrocarbons,andmay involve differentmonitoringandverificationrequirements
thatmaynot fit easilywithin currentlegislativeframeworks. Forexample,newmonitoringand
verification standardsandguidelinesin managementplanswill needto be developedfor carbon
dioxidegeosequestrationbeforethesitecanbe decommissioned.A newregulatoryframework
for monitoringandmanagementofcarbondioxide in-situ oververy long periodsoftime would
alsoneedto be developed.After thereservoirhasbeensealed,monitoringshould continueas
long as governmentconsidersit beneficial.

The coststo governmentwould bethemonitoringandadministrationofcostssuchastheregular
reviewofplansandreviewof standardsandactions. Forexample,five yearlyongoingreviews
mainly by governmentpluspost-closurefor aspecifiedperiod— long term,but this would be
costrecovered.While thebenefitswould include: consistentreportingstandards;theassurance
thatcarbondioxide geosequestrationtechnologiesmeetnationaland internationalstandardsfor
accounting;reportingnationalcarbondioxide inventoriesacrossall jurisdictionsallowing for a
singleAustralianreportto beproducedmeetinginternationalstandards;andanAustraliawide
mechanismwhichwould coverthecostsof long-termmonitoringofdecommissionedsites.

The coststo businesswould includeauditsandreviewsofmonitoringandverification. While
benefitsto businesswould includethedevelopmentof strategicandprojectspecificmonitoring
andveriflcation strategies,andgovernmentregulationwould ensureunambiguousallocationof
responsibilityfor monitoringandreportingduring long-termstorageofcarbondioxide.

Recommendation
Relying onthemarketoron an industrycodeofconductwould beunsatisfactorybecausethese
mechanismsmaybe moreprofit focusedratherthanproperlyaccountingfor the interestsofthe
community. Thesealternativeoptionswould probablyalso lack a nationallycommonand
consistentapproach.Alternatively,governmentregulationwould specificallyaim to protectthe
community’sinterestsby minimising anypossiblerisk andcould benationallyconsistent.
Therefore,theoptionof governmentregulationwhich includesacombinationofexplicit
regulation,co-regulationandquasi-regulationwould bestachievethedesiredobjectives.

5.6 TRANSPORTATION

Thekeydifferencesbetweentransportingnaturalgasandsupercritical3carbondioxide by
pipelinefrom asafety/environmentalperspectiveare:

A supercriticalfluid is any substanceaboveits critical temperatureandcritical pressure.In thesupercriticalarea
thereisonly onestate-of-the-fluidandit possessesboth gas-andliquid-like properties.This is notnewtechnology.
Thephenomenaof enhancedsolubilitiesin supercriticalfluids hasbeenknownsincethe late 1 800s.Fordecadesit
hasbeenusedin foodprocessingindustriesto extractcompoundssuchascaffeineandhop oil.
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• whencarbondioxidemixeswith waterit becomeshighly corrosive;

• carbondioxide is heavierthanair; carbondioxideis odourless;and

• carbondioxide is not flammable.

Therisk associatedwith carbondioxide transportationin termsofenvironment,healthandsafety
are:

~e transportof carbondioxideby pipelinepresentsapotentialsafetyhazardto workers
andthegeneralpublic (but lessthatnaturalgas);and

• injection ofcarbondioxidewouldhaveto be sufficientlyregulatedandmonitoredto
managetherisk.

Option 1 — no regulation
Therearecurrentlyno Australianindustrystandardsgoverningcarbondioxide geosequestration.
This couldresultin unsafepractices. Developingnewstandardswould be costly for companies
especiallyif theycontractan outsideorganisationto developthestandards.

Option 2 — selfregulation
Industrystandardsora codeofconductcouldbe used.However,this maybealower threshold
thanwhatthegovernmentand communitywould consideradequate.If industryisableto be
madeliable for damagecaused,theywould havean interestin developingacodeofconduct
whichprovidesadequateenvironmental,safetyandhealthprotection.

As describedabovethereis currentlyno Australianindustrystandardfor carbondioxide
sequestration.Developingsuchstandardswould be costly for industry,andthesecostswould be
passedonto consumers.

Option 3 — governmentregulation
Environmentalstandardscurrentlyapplyto the routeselection,constructionandoperationof
pipelinesandin mostjurisdictionsrelevantplanningapprovalorenvironmentalimpact
assessmentsarerequired. Additional regulationrelatingspecificallyto carbondioxide pipelines
maynotbe necessary.However,someamendmentsto existingpipelinelegislationmaybe
neededprior to newpipelineapprovals.

All jurisdictionshaverelevantregulationsgoverningmajorhydrocarbonpipelines. In some
jurisdictionsthis is containedin State/CommonwealthPipelineActswhile in othersit is
containedin PetroleumActs. Any newregulationshouldallow accessto privateandpublic
propertyfor thepurposeoftransportationofcarbondioxideandconstructionofcarbondioxide
pipelines.
Recommendation
Relying on themarketis inappropriatebecausethereareno industrystandardsthatcouldgovern
carbondioxidetransportation.Selfregulationin theform ofa codeof conductwould alsobe
inappropriatebecauseit maybeperceivedto havealower thresholdthanwhat is publicly
acceptable.Governmentregulationon theotherhand,alreadyexists in relationto activities
usingsimilar techniquesascarbondioxidegeosequestration.While existing legislationexistsfor
pipelinestherearegapsin theexistinglegislation. Utilising thisexistingregulationshouldbe
costeffectiveasminimal newregulationwould berequired.Thecommunity’sinterestswill also
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beprotectedasthis existing regulationtakesenvironmental,heathandsafetyissuesinto account.

5.7FINANCIAL ISSUES

WithoutGovernmentintervention,companieswould be requiredto acceptlong-term
responsibilityfor sitemonitoringandmaintenance.If businesseswereunableto acquire
insurancefor thisactivity, companiesundertakinggeosequestrationactivitieswould be required
to bearanunacceptablyhigh level offinancialrisk. Businesseswould be uncertainof all the
costsassociatedwith geosequestration,andwould find it moredifficult to makeeducated
decisionsasto whethergeosequestrationwasaprofitableoptionin theirparticularcircumstance.
This additionalrisk anduncertaintywould resultin geosequestrationactivitiesbeingtakenup by
industryata lower ratethanwould otherwisehavebeenthecase. Thiswould bean inefficient
outcome,broughtaboutby theexistenceofamarketfailure.

In this particularcircumstance,theproductnotbeingsuppliedis insurance,and thereasonit is
not beingsuppliedis theuncertaintyaboutthemagnitudeandlikelihoodofpotentialrisks
associatedwith geosequestrationactivities. Wherean incompletemarketexists,government
mayhavearoleto play in providingtheproductin orderto achieveasociallydesirableoutcome.
Theremaybe aneedfor governmentto intervenein relationto long termsite responsibility,as
failure to actwill leadto inefficientmarketoutcomes.However,therearea numberof
alternativesavailable;governmentmaychooseto provideany orall ofthefollowing services:

• Acceptresponsibilityfor sitesin long term;
• Provideinsuranceto companiesin theshort term;or
• Provideinsuranceto companiesin the long term(if theGovernmentdecidesnot to accept

directresponsibilityfor sitemonitoringandmaintenance).

Governmentprovisionofinsurancewould allow companiesto undertaketheir ownlong termsite
maintenancewith lower level ofrisk. However,thereis adangerofamoralhazardsituation
wheretheindustryhasno/reducedincentiveto maintainsitesto ahigh level. Oncethemarket
hasagreaterunderstandingofthelikelihood andtypesofrisk associatedwith geosequestration,
it is likely thatprivateproviderswould bewilling to providean insuranceservice,atwhichpoint
governmentsupportwouldno longerberequired.

In relationto the issueof costrecovery,governmentagenciestaketheview thatthey shouldbe
ableto implementfull costrecovery,andindustrytakestheviewthat considerationshouldbe
givento public benefitofcarbondioxide emissionsavoidedandthat thereforefull costrecovery
maynotbe appropriatein all cases.

Oneissueneedingconsiderationin thedraftingoffuture fiscal andregulatorymeasuresis the
distinctionbetweennormalcommercialmaintenanceconductedasgoodcommercialpracticeand
any“specialsocial” requirements.Oncompetitivenessregulation,thereappearsto be no clear
reasonwhy normalcompetitionpolicy principles(for examplethird partycommonaccessand
commoncarriage)shouldnot apply. At this stageno specialfiscal issuesareapparentin relation
to competitionpolicy andtransportationofcarbondioxide.

Projectviability (andhencefinancing)will be significantly impacteduponby:
• taxationtreatment;
• overall regulatorycosts;and
• the treatmentofliability/ benefits(andassociatedinsuranceissues).

Resolvingtheseissuesexpeditiouslyis necessaryto givescenarioanalysts,economicmodellers,
projectdevelopersandfinancegreatercertainty.

Option 1 — no regulation
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Final determinationofthecostof insuranceis difficult; howeverthereis no reasonwhy normal
insuranceprocessesshouldnot applyto carbondioxide geosequestrationtechnologies,
transportationandfor operationofabovegroundstoragerelatedequipment.However,insurance
companiesmayrefuseto insureprojectsinvolving storageof carbondioxide dueto theunknown
associatedrisks.

Option 2 — selfregulation
Selfregulationwould not precludeindustry from insuringagainstunforeseeableevents.A
companywouldneedto provetheyaremanagingtherisks satisfactorilyto qualify for insurance,
andthismayprotectagainstusing ‘shelfcompanies’.However,asaboveinsurancecompanies
mayrefuseto insureprojectsinvolvedin storageofcarbondioxidedueto theunknown
associatedrisks.

Option 3 — government regulation
Regulatoryprocessesshouldbe leastcost,shouldnotunderminethe international
competitivenessofAustralianindustry,andunduefiscalburdenshouldnotbe imposedon any
jurisdictionor industryasaresultofregulatoryprocessesoroutcomes.
It maybe appropriatethatcompanytaxationtreatmentofcapitalexpenditurebe treatedin
accordancewith existingtaxationpoliciesthat is theyaredeductiblevia depreciation
arrangements.Equally,for companytax, it maybeappropriatethatthereis no differential
treatmentofoperatingcostsof commercialcorporationsfor carbondioxidegeosequestration.

Therearefundamentaldifferencesbetweenhow petroleumandsomemining royaltiesare
calculated.Forexamplein WesternAustraliatherearethreeroyalty systemsthatneedto be
consideredfor petroleumprojects.In thecaseofmining, it is probablyonly in relationto deep
coalseamgasrecoveryin Victoria thatanissuemayarise. In mostothercases,sinceroyalty is
ad valorembased,the issueofdeductibilityof captureandstoragecosts,doesnot apply.
Thereforeit ispossiblethat in somecircumstancescostsof storagewill betreatedin adifferent
manner.

In relationto thefiscalimpacton Stategovernmentinstrumentalitiesandcorporationsprima
facieit would appearthat governmentswill needto considerhowissuessuchasperformance
bondsandinsuranceneedsareaddressedby stateinstrumentalitiesfor: companytaxmaynot be
arelevantissue;androyaltyandthePetroleumResourceRentTaxissuesmaynot arisefor a
Crownentity. Given that in the longertermit is almostinevitablethatgovernmentswill be
taking legal liability for storedgases,theremaybe fiscal implicationsofsuchachangein
responsibilitythat needto beconsideredby the relevantjurisdictions.

Recommendation
It maybe appropriatethatproponentsselfinsureor go to marketsastheywould do for other
similarscaleactivities. Final determinationofthecostof insuranceis difficult to assessdueto
limited demonstrationsofthepotentialfor long-termrisks. It will dependon considerationofa
broadrangeofissues.Forexample,issuesoflong-termownership,unknownassociatedrisks
andpublic indemnity. Governmentregulationto clarify ownershipis recommendedin aform
that is leastcostwhile meetingthenecessaryhurdlesof managingri~ks.
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Option 1 is not supportedbecauseit cannotbe guaranteedthat industrywould ensurethatrisks
arereducedto as low aspossible. In addition,thereis an abundantsupplyof fossil fuels
particularlycoalandgasthat is expectedto lastfor centuries.Without thecertaintyofregulation,
it maynot be apriority to usecarbondioxidegeosequestrationtechnologiesfor greenhousegas
mitigationdueto theirhighercost. However,the decisionto utilise geosequestrationtechnology
shouldremainacommercialdecision.

The issuessurroundinghealth,safetyandenvironmentconsiderationsmaynotbe adequately
addressedandsanctionsmaynotbe put in placeif left to themarket,particularlyoverthe longer
term. Thiswould detractfrom thebestenvironmental,healthandsafetyoutcomesand
subsequentlycommunityunderstandingandawareness.It mayalso leavethecommunitywith
an unfundedliability.

Option 2 of selfregulationis not adesirableoptionbecausetheremaybe risksassociatedwith
carbondioxide geosequestrationif notmanagedandregulatedproperly. Althoughtheindustry
mayselfregulatein a waythatminimisestheimpacton theenvironmentandthird parties,it may
not alwaysact’in thebestinterestsofthecommunity.
It is unlikely that selfregulationwould providea frameworkcapableofprovidingassuranceto
thecommunitythat the industrywould operatein amannerthatachievescommunityacceptable
outcomesinvolving minimal risks to health,safetyandtheenvironment.Therefore,self
regulationcouldalsomakeit moredifficult for projectproponentsto gaincommunity
acceptance.

Self regulationdoeshavethebenefitsofreducedadministrativeandcompliancecosts,however,
therecanbe no guaranteethatall industrymemberswould agreeto selfregulationespeciallyif it
is in theform of anagreementorarrangementsuchasanindustrycodeof conduct.Another
benefitto businessofself-regulationis the freedomto choosethemostappropriate,cost-
effectivetechnology/process,eventuatingin least-costapproach.

Option 3 is therecommendedoption because,asspecificallyanalysedabove,it protectsthe
community’sinterests,particularlyminimisesrisksto health,safetyandtheenvironment’
providesanationallyconsistentapproachto carbondioxide geosequestration;maybe cost-
effectivefrom projectproponent,governmentandcommunityviewpoints;andis flexible to
allow for futuregovernmentdecisionsandpossiblegreenhousepolicy measures.

TheAustralianeconomyis dependenton thecontinuingavailability ofcompetitivelypriced
electricity. Thebulk ofbaseloadelectricityin thefuture is expectedto be generatedfrom coal
andgasbut it will needto begeneratedin an environmentallysustainablemanner.
Additionally, energyinvestmentsaregenerallylong-term. By implementinggovernment
regulation,investorswill be ableto makedecisionswith full knowledgeofwhatregulatory
hurdlestheywill needto meetto getapprovalfrom governmentfor aproject. Thecommunity
canalsobeassuredthat their interestsarebeingprotected.

Futureprojectsmaybe crossjurisdictional. StandaloneStateandTerritoryregulationwill not
coverall regionsofAustralia. Similarly,by virtue oftheConstitution,theCommonwealthonly
hasthepowerto regulatein 40 specificareas.A combinationofCommonwealth,Stateand
Territory regulationthatdrawson bothnewand existingregulationcouldbeapossibleform that

6. COMPARATIVE ASSESSMENT- FINAL RECOMMENDATION

I
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aregulatoryframeworkcould take.

If existing legislationis to berelied upondecisionswill needto bemadehow suchlegislation
would managecarbondioxide geosequestrationactivities. To avoidtime andcostsinvolvedin
duplication,existingregulationcouldbe adaptedandamendedto addresscarbondioxide
geosequestrationactivities. New lawsandregulationscouldbe introducedwheretherearegaps
in existingregimesorwheretheexistingregimeis not readilyapplicableto carbondioxide
geosequestration.

This regulationcould be managedby therelevantjurisdiction andwhereappropriatein
consultationwith otheraffectedjurisdictionsto ensurenationalconsistency.Theanalysis
supportstheuseofexistinglegislationwhereverpossibleto avoidadditionalregulatoryburden.
Mostaspectsofcarbondioxidegeosequestrationaresimilar to activitieswhichhavealready
beenundertakenin theoil andgasindustriesfor decades.Existingoil andgasregulations
availablein theCommonwealth,StatesandTerritoriesprovide anadequatestartingpointfor
developingaframework. In view ofthelong-termstoragerequirementfor carbondioxide
geosequestrationhowever,specificregulationsmayneedto bedeveloped.

It is thereforerecommendedthat governmentregulation(acombinationofCommonwealth,State
andTerritory legislationandofnewandexisting regulation)be usedto managethecapture,
transport,storageandpost-closurephasesof carbondioxide geosequestration.As describedin
therecommendationsundereachissue,in thecontextof thisCouncilofAustralianGovernment
RegulatoryImpactStatement,governmentregulationis not limited to regulation. In someareas,
it maybe appropriateto considerco-regulationasamoreefficientandcosteffectivealternative.

7. CONSULTATION

Ongoingconsultationis occurringwith relevantstakeholdersincludingCommonwealth
agencies,StateGovernments,industryandresearchorganisations,relevantinternationalagencies
andenvironmentalnongovernmentorganisations.This consultationtakesplacewithin the
following groups:

• CommonwealthInter-departmentalCommittee— establishedin February2003and
consistsofelevenCommonwealthgovernmentagencies.

• CarbonDioxideGeosequestrationRegulatoryReferenceGroup— establishedin
September2003 andconsistsoftwentytwo memberagenciesincluding Stateand
Commonwealthgovernmentagenciesandindustryrepresentatives.

• CarbonSequestrationLeadershipForum— establishedin June2003andconsistsof
sixteenmembercountries.

• AustralianCarbonSequestrationLeadershipForumReferenceGroup— establishedin
February2003andconsistsoftwentyninememberagenciesincluding Stateand
Commonwealthgovernmentagenciesandindustryrepresentatives.

Throughthesevariousgroupsandassociatedconsultationwith governmentagenciesand
industry,consensushasbeenreachedon theproposeddraftprinciplesthat is intendedto form the
basisofgovernmentregulationin eachjurisdiction. Additional consultationsubjectto public
consultationwith non governmentorganisationsandthecommunityis currentlybeing
progressed.

Targetedconsultationmeetingswith relevantnon-governmentorganisationswereconducted
with thefollowing groups:

• ClimateAction NetworkAustralia
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• AustralianConservationFoundation

• WesternAustralianConservationCouncil

• EnvironmentVictoria

• GreensPartyWesternAustralia

While only a smallnumberofrelevantnon-governmentorganisationshavebeenconsultedin the
first stagein establishingaregulatoryframework,the five organisationsabovearekeynon-
governmentorganisationson carbondioxidegeosequestration.ClimateAction Network
Australiais thepeaknon-governmentorganisationsbody with responsibilityfor climatechange
issues.TheWesternAustraliaConservationCouncil is an umbrellaorganisationofnearly
seventyaffiliated conservationgroupsfrom throughoutWesternAustralia, andEnvironment
Victoria is theState’speaknon-governmentenvironmentorganisation.

Thesesessionsincluded:.

• Briefexplanationof carbondioxidegeosequestrationtechnologies;

• OverviewofMinisterial Councilon MineralsandPetroleumResourcesRegulatory
Working Groupworkto date

• Explanationofproposedregulatoryprinciples;

• Next Steps,including continuedconsultationwhenimplementingregulation/legislation;

Commentsandquestions.

Themain commentsandconcernsraisedatthenon-governmentorganisationsconsultationsare
asfollows:

• Generally,non-governmentorganisationsarenot totally opposedto carbondioxide
geosequestration,but haveissueswith theuseofsequestrationversusrenewables.

• Carbondioxide geosequestrationis notbeingdiscussedenoughin thecommunity. The
governmentrepresentativesexplainedthe information/consultationsessionsthathave
beenproposedandwill takeplacein thenearfuture.

• Costofcarbondioxidegeosequestrationascomparedto sourcesofrenewableenergyand
howthedraftprinciplesfit with Australia’sinternationalobligations.Bothofthese
issuesarecurrentlybeingaddressedby Commonwealthgovernmentagencies.

• Non-governmentorganisationsrecommendedthatguidelinesbe implementedbefore
carbondioxide geosequestrationprojectsgo ahead.

• Needfor earlyestablishmentofscienceto ensurecarbondioxidegeosequestrationworks.
Needfor transparencyin the carbondioxide geosequestrationprocess.Thisview was
sharedby thegovernmentrepresentativespresent.

• Long term liability issuesandwhich governmentwould beresponsiblepostclosure. The
draftprinciplesastheystandhoweverdo not go into that level ofdetailastheyareonly
at the first draft initial stage. Furtherconsiderationis neededregardingspecificdetailsof
principles.

• Questionsaboutthe life cyclesofprojectsand leakagerateswereraised. Thelengthof
the life cycleof aprojectwould be determinedon a caseby casebasis;howeverwork is
still beingdoneon howlong thecarbondioxidecanbecontainedin aformation. The
draftprinciplesdo not go into enoughdetail to statethespecific leakageratethatmaybe
allowable. However,existingregulationswill be consideredasastartingpoint.

8. IMPLEMENTATION AND REVIEW
Fl
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• Implementationofprinciplesandfutureconsiderationofgovernmentregulationwill be
left to thediscretionofeachjurisdiction;

• Processesfor amendmentofregulationwill be outlined;and

• TheMinisterial Councilon MineralsandPetroleumResourcesshouldreviewthe
regulatoryframeworkto ensurethat it is effectiveandefficientin practiceandthe
principlesarebeinginterpretedconsistently.

F



27

ATTACHMENT A
Draft Regulatory Guiding Principles

• TheCarbondioxide GeosequestrationRegulatoryReferenceGrouphascompiledabroad
documenttitled DraftRegulatoryGuidingPrinciplesfor CarbonDioxide Geosequestration.This
documentfocuseson sevenkey areasrelevantto ofcarbondioxide geosequestration.Theseare
theprinciplesthatMCMPR haveagreedto andtheywill be consideredby stakeholdersduring
consultationsessions.

Theprinciplesareasfollows:

Accessand Property Rights

Accessto suitablegeologicalstructuresfor carbondioxidegeosequestrationandto surface
injection sitesshould.~

- bebasedon establishedlegislativeandregulatoryarrangements,customandpractice;
- recogniseandadequatelyaccountfor theinterestsofotherstakeholders,including

existingandfuturesurfaceandsubsurfacerights-holders;and
- accommodatethe likely evolutionofmulti-usergeosequestrationinfrastructureand

facilities.
Legislationgrantingsurfaceandsubsurfacerightsfor carbondioxidegeosequestrationshould.

- providecertaintyto rights-holdersoftheirentitlementsandobligations;
- guaranteesecurityofaccessovertime andin relation to thevolumeofgasthatmaybe

stored;and
- definethe “geosequestrationgas” sothatit canbe legallyinjectedinto thestorage

site.
In grantingrights to injectcarbondioxide into subsurfaceformations,governmentsshouldgive
dueconsiderationto landuseplanningissueslikely to ariseas a consequenceofhavingcarbon
dioxide injectedinto thatpart ofthesubsurface.

Long Term Responsibilities

Responsibilityandassociatedliabilities shouldremainwith theprojectproponentuntil the
relevantgovernmentis satisfiedto a highdegreeofcertaintythat:

• future land-useobjectivesdefinedat thetimeofprojectapprovalhavebeenmet;
the residualrisksofleakageandliability are acceptablylow; and

• theongoingcostsassociatedwith thesiteare acceptablylow or areotherwise
appropriatelymanaged(for examplethroughfinancialassurances,instrumentsandtrust
funds).

Followingclosure,primaryresponsibilityfor thesitewill lie with government,althoughsome
residual liability mayremainwith theproponent.

The scopeandnatureoftheseresidualresponsibilitiesshouldberesolvedupfront to theextent
possible,recognisingthatresponsibilitydependson individualcircumstancesofeachcase.
Theseliabilities shouldbe determinedandnegotiatedwith theproponenton aproject-by-project
basis.

Theremaybea needto manageanyresidual liability thatremainswith theproponente.g.
throughmeanssuchasongoingindemnities,insurancepoliciesor trustfunds.
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Environmental Issues

Regulationofcarbondioxidegeosequestrationshouldbebasedon a science-basedassessment
oftheenvironmentalrisk, be basedon bestpractice,be nationallyconsistentandbe subjectto
regular reviewasnewinformationbecomesavailable.

Regulationofcarbondioxidegeosequestrationshouldaim to instil communityconfidencethat
theenvironmentwill beprotected,provideindustrywith thecertaintyrequiredto undertake
projects,avoidoverregulationthat wouldunnecessarilyimpingeonprojectviability andbe
basedasfar aspossibleon existingregulatoryframeworks.

Authorisation and Compliance

Existinglegislation(Acts,Regulations,guidelines)such‘as thosefor chemicalmanufacturing,
electricitygeneration,pipelinetransportation,petroleumandminingexplorationand
development,environmentalaspects,operationalhealth andsafety,storageofhazardouswaste,
thatrelateto activitiesundercarbondioxidegeosequestrationshouldbe identWedalongwith
thepartsofthat legislationthatappliesto carbondioxidegeosequestration;andthisexisting
legislationcouldbemodifiedandaugmentedasneededto achievean integratedcarbondioxide
geosequestrationframework.

Nationalconsistencyshouldbe aimedfor in CommonwealthandStatelegislationrelating to
carbondioxidegeosequestration.Thereshouldbe.agreednationalprotocolsandguidelinesto
be usedby all jurisdictions. CommonwealthandStateagenciesshouldauthorisecarbondioxide
geosequestrationactivitiesandensurecompliancein theirjurisdictions. A singleindustrycode
ofconductthroughoutAustraliashouldbe investigated

Monitoring and Verification

For thepurposesofmonitoringandverification, a regulatoryframeworkshould:
• Providefor thegenerationofclear, comprehensive,publiclyaccessible,timely and

accurateinformationthatis usedto effectivelyandresponsiblymanageenvironmental,
health,safetyandeconomicrisksandto ensurethat setperformancestandardsare being
met; and

• Determineto an appropriatelevelofaccuracythequantity,compositionandlocationof
gascaptured,transported,injectedandstoredandthenetabatementofemissions.This
shouldinclude identificationandaccountingoffugitive emissions.

Transportation

The transportofcarbondioxide in pipelineshasmanysimilarities to thepipelinetransportof
chemicalandpetroleumproductsandthereforethesameregulatoryprinciplesrelatingto
access,safetyandenvironmentshouldapply. Howeverwherethereare differencesthesemust
be recognised.

Similarly existinglegislationshouldbeappliedand~fnecessarymodifiedfor the transportof
carbondioxideby road, rail andsea.
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Financial Issues

Consistentwith theneedto createandmaintainpublic confidence,allfiscalandregulatory
measuresmustbe subjectto a leastcostapproach:

• regulatoryprocessesshouldpreservethe internationalcompetitivenessofAustralian
industry;

• whereverpracticableestablishedregulatoryprinciplesandproceduresshouldbe usedin
preferenceto introducingnewones;and

• fiscal burdensimposedon anyjurisdictionor industryasa resultofregulqtoryprocesses
or outcomesshouldbeavoidedwhereverpossible.

Recognitionshouldbemade(e.g.via apolicystatement)thatthecapitalandoperatingcostsof
captureandstoragecanbesubstantiallyincorporatedinto the existingfiscal systemand
accountingprinciplesframeworkon thesamebasisasexistingbusinessexpenditure. Where
changesneedto be made,theyshouldnotdiscriminateagainstthisform ofinvestment.

It shouldbe recognisedthatcaptureandstoragetechnologiesenablethegenerationofnational,
globalandintergenerationalpublic goods. Giventhatthesetechnologiesin their earlystages
are likely to bemarginallycommerciallyviable,considerationmayneedto begivento how these
publicgoodsare incorporatedinto commercialdecisionmakingsoasto arrive atnationally
optimallevelsofinvestmentandtimingofnewinvestment.
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ATTACHMENT B
Environmental impacts and risks ofCO2 geosequestration
Theenvironmentalissuesandrisksassociatedwith CO2andits interactionwith theatmosphere,
soils,waterandthebiotaarerelatively well understood.Howeverfurtherresearchand
monitoring is requiredto fully understandtheissuesthat maybe associatedwith long term
geologicalstorage.

CO2 is anaturallyoccurringconstituentofthebiospherethat is essentialto all life forms.It is
generallyregardedassafe,howeverenvironmentalimpacts,includingbiologicaltoxicity, may
arisewhereCO2 is presentin unnaturallyhigh concentrations.Thedegreeofpotential
environmentalimpactdependson thedegreeofconcentrationandthecharacteristicsofthe
receivingenvironment,including thecompositionofthebiota in thatenvironment.

Apart from climatechangeimpacts,aCO2releaseto theatmosphereposeslittle environmental
dangerprovidedthat it is ableto dispersequickly to relatively normalconcentrations.A hazard
canariseif C02,which is denserthanair, is allowedto accumulatein low-lying, confinedor
poorlyventilatedspaces.

Theenvironmentalimpactsof CO2in-situ in geologicalformationswill dependon thechemistry
oftheformationsandtheintegrity oftheencapsulatingstructures.Potentialchemicalinteractions
betweentheCO2andthe.surroundinggeologyarethesubjectofongoingresearch.However
negativeenvironmentalimpactsofCO2maynot ariseunlessitmigratesbeyondtheanticipated
containmentzone.Potentialenvironmentalimpactsassociatedwith migrationbeyondthe
containmentzonewould dependon wheretheCO2migratesto, overwhattime-frameandin
what quantities.The possibleimpacton deepsub-surfacenanobeshasbeenraisedas‘an issue
andshouldbe thefocusof futureresearch.Environmentalissuesrequiringfurtherclarification
include:

• thepotentialimplicationsofmixedgasstreams(i.e. in theeventofanunplannedrelease
from eitherthecapture,transportor injectionstagesof a CCSproject);

thelong-termimplicationsofCO2in-situ in geologicalstructures;
• theenvironmentalimplicationsof CO2migrationor escapefrom containmentzonesand

therisk oftheseeventsoccuring;and,
• theenvironmentalimplicationsofthestorageofnon-pureCO2.

CO2 capture stage
Thetechnologiesusedfor CO2 separationorcapturearewell understoodandusedin arangeof
industrialprocesses.AlthoughtheSubgroupwasunableto identify anyissuesthatwould
differentiatetheenvironmentalrisksof CO2 separation!capturefor geosequestrationpurposes
from gasseparationfor otherpurposes,anumberof issuesrequirefurtherinvestigation. Issues
requiringfurther investigationincludetherisksthat might beposedby leaksatthecapturepoint,
theeffectofmixed gasesatthecapturepointandthe impactofchemicalsusedin capture.The
issuethatmaydifferentiateanyrisksatthecapturestageofCCSprojectsfrom CO2
capture/separationfor otherpurposesis thatofscale.Howeverit isprobablethat plantsafety
ratherthanenvironmentwould betheprimaryissueatthecapturestage.

CO2 transport stage
Theenvironmentalrisksassociatedwith transportofCO2 via pipelineconstructionactivities
would be similar for anypipelinecarryingcompressedgases(e.g.naturalgas).BecauseCO2is
heavierthanair andtoxic in highconcentrations,thespecificdispersioncharacteristicsof CO2
would requireseparatemodellingto evaluatethepatternofpotentialimpactsin theeventof
pipeline failure. Theoverallrisks from pipelinetransportarenot significantlydifferent from a
rangeofpipelinesalreadyin operation.The environmentalrisksoftransportof CO2by road,rail
or shipwould be similar or lessthanthosearisingfrom themovementofothercompressedand
liquefiedgases.
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CO2 injection stage
Thepotentialenvironmentalimpactsofwells drilled for CCSprojectswouldbe similarto those
for oil andgaswells. Theremaybe subtledifferencesin the requirementsfor compressor
stationsandrelatedinfrastructure.Thepotential for gascloudreleasesto beundetectedif
injectionfails maybe increasedfor CO2 dueto its non-odorousnature,howeverthis riskcanbe
easilymanagedwith adequatemonitoringatthe injectionpoint.

CO2 storagestage
Potentialimpactsof CO2storagein ageologicalstructurearerelatedprimarily to thepotential
for it to escapeovertime. Theleakageof CO2 maypossiblyoccurvia pre-existingfaults and
fissuresor asaresultofpressurisationofthestructures.It is currentlydifficult to quantifywith
confidencethe likelihoodofunplannedreleasesofCO2 from geosequestrationsites. This is due
to the lackofdetailedresearchandfield trials into CO2 geosequestrationandthedifficulty of
assigninggenericrisksto situationsthat arelikely to varyconsiderablyfrom siteto site. Further
researchcombinedwith testwork andtrials ofspecificreservoirswill needto be conductedto
enablerisk profiles, andeventuallyquantitativerisk estimates,to bemade.

Thereis aslightrisk of CO2migratingoutof thestoragereservoirandinto oneormore
surroundinggeologicformations.This in turncouldresultin thecontaminationoffreshwater
aquifers,and/orinterferencewith theactivitiesatproducingoil/gas reservoirsor coalmines. In
thecaseofCO2.injection into deepsalineformations,thereis also thesmallpossibilitythat
displacedbrinecouldcontaminategroundwater.The contaminationof freshwateraquiferscould
becausedby verticalmigrationof storedCO2. Buoyancyforces,causedby thedensity
differencebetweentheinjectedsupercriticalCO2 andthe formationwaters,will tendto drive
storedCO2 upward. If theformationisnot ageologictrap ornot adequatelysealedby an
impermeablecaprock,CO2could leakfrom thestoragereservoir.

Thereis thenthepotentialfor thevertically migratingCO2 to dissolvein shallowaquiferwaters,
form carbonicacidandlower theaquiferwaterpH, which in turncouldresultin themobilization
ofheavymetalsand/orthe leachingof nutrients. In aworst-casescenario,thecontaminationofa
freshwateraquifercouldexcludeits usefor drinking or irrigationsupplies.CO2migrationwithin
thesubsurfacealsohasthepotentialto contaminateenergyandmineralresourcesaswell aspose
anoccupationalsafetyhazardfor mining andexplorationactivities. While therearestill
uncertaintieswith regardsto CO2 migration,significantadvancesin understandingfluid
behaviourandformationintegrityhavebeenmade.Further,enhancedoil recovery(EOR)

operationsusing CO2floods haveexperiencedno significantlossesofCO2to othersubsurface I,zonesandas suchgive us someconfidencethatCO2 migrationrisksmaybe low. At thesametime, however,it is to benotedthatBORactivitiescannotsimulatethemovementofCO2overthetime framesrequiredfor effectivestorage.

Groundwatercontaminationcouldalsoresultfrom thedisplacementofbrinein thecaseofCO2
injection into deepsalineformations. Brinesdisplacedfrom deepsalineformationsby injected
CO2 could,potentially,contaminateshallowerfreshwateraquifersby increasingtheir salinity
andtherebymakethemunsuitableasasourceof potablewater. In theworstcase,infiltration of
brineinto groundwateror theshallowsubsurfacecouldalso restrictor eliminateagriculturaluse
of landand/orimpactwildlife habitat. It is to be stressed,however,thatNorth American
experiencewith deepwell injectionof fluids, atratesroughly comparableto the ratesatwhich
CO2would be injectedif geosequestrationwaswidely adopted,hasfoundthat groundwater
contaminationfrom brinedisplacementis rare,andthatonemaythereforeexpectthat
contaminationarisingfrom large-scaleCO2 storageactivitieswould alsobe rare.
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Health and Safety Risks
Therisk to humansfrom thepipelinetransport,injection andstorageofCO2 aspartof
geosequestrationprojectswould beminimal. ThetransportofCO2 by pipelineandtheinjection
of CO2 into geologicreservoirshasbeenoccurringfor manyyearsin theUnitedStates,aswell
asin someothercountries,aspartofenhancedoil recovery(EOR)andacidgasinjection(AGI)
operations.Thisexperiencehasledto thetools andexpertiseneededfor CO2pipelinetransport
andCO2injection to bemanagedsafely.

The healthandsafetyrisksassociatedwith CO2 storage,althoughconsideredsmall, are
characterisedby agreaterdegreeofuncertainty.This is first dueto thefactthatoncetheCO2
entersthegeologicreservoir,its fate is transferredfrom largelyhumancontrol to anatural
system. Second,unlike for CO2pipelinetransportandCO2 injection, EORusingCO2floods and
AGI do notprovideagreatlevel ofunderstandingor expertisein safeandeffectivemanagement
of CO2storage;thequantitiesofCO2 Storedaresmallerandthetimeperiodsinvolvedareshorter
thanrequiredfor geologiccarbonsequestration.

Throughthedevelopmentof improvedmodelsofthe long-termbehaviourof CO2 in reservoirs
andthestudyofanaloguessuchasnaturalCO2 deposits,scientistsarehowevergainingabetter
understandingandfurtherminimizingthe risksofCO2 storage.It shouldbe notedthat the
potentialhealthandsafetyimpactsassociatedwith aCO2leakfrom theoffshoreCO2 pipeline
transport,injectionandstoragewill be negligible,althoughthereis thepossibility ofminimal
damageto thelocal marineenvironment.

Carbondioxide (C02),a naturally-occurringconstituentof airthat is essentialto all life forms, is
anon-toxic,inertgasandis generallyregardedassafe. At elevatedconcentrations,however,
CO2 cancauseharmto humans.TheeffectsofelevatedCO2levelsdependnot only on the
concentrationbut alsothedurationofexposure.TheambientconcentrationofCO2 in the
atmosphereis currentlyabout370 partspermillion (ppm)or lessthan0.04%. Forhumans,there
areno adversehealtheffectsfor CO2 concentrationsup to 3%. While somediscomfortoccurs
for concentrationsbetween3% and5%, it is only for concentrationsabove5%that thereare
serious,possiblyfatal, consequences.At concentrationsabove25%to 30%,lossof
consciousnessoccurswithin severalbreathsanddeathquickly thereafter.

The risk ofaCO2 leakfrom apipelineandthenhumansbeingexposedto harmfullevelsof CO2
is veryminimal. Accordingto theUnitedStatesDepartmentofTransportation’sOffice of
PipelineSafety,onshorepipelinefailuremostoftenoccursasaresultofexternalactivitiessuch
asconstructionandfarming. In thecaseofonshorepipelinefailure, theamountofCO2escaping
will be limited by theuseofgasdetectionandpressuremonitoringsystems,andautomated
shutdownvalves. Typically, theescapingCO2will thenbe dilutedto safelevelsby entraining
airwithin minutesoftherelease. It is to be notedthat, since1990,therehavebeenno injuries
or fatalitiesassociatedwith incidentsinvolving CO2 pipelinesin theUnitedStates.

Thepotentialrisk to humanhealthandsafetyfrom CO2injection is primarily ofanoccupational
nature.ThemostcommoncauseofCO2 exposureduringtheoperationalphaseis well-head
failure thatresultsin CO2 leakage.In themajorityofcases,theproblemis quickly identifiedand
thewell promptly repairedorplugged.A threatto workersafetywould occurwheretheleak
wentundetectedandCO2wasallowedto accumulatein aconfinedspace.While suchincidents
mayposeasafetyrisk to workersin theimmediatevicinity of thewell, the risk to thegeneral
public shouldbeconsiderednegligible. Well failure ofthis typeis mostoftencausedby poor
engineeringpractices.

It is possible,thoughquiteunlikely, thatslow releasesofCO2 from ageologicCO2 storagesite
couldposeasafetythreat. Potentialsourcesofslow CO2leaksincludetransmissivefaults or
fractures,poorlysealedinjection wells andincompletelypluggedabandonedwells.



33

Themajorityof leakssuchasthesearelikely to go unnoticedastheydiffusein theatmosphere
in similar fashionto CO2 fluxes from naturalearthdegassing,biologicalrespirationandorganic
matterdecomposition.Nonetheless,thereis theslightpossibility that certaintopographiesor
confinedstructuresmayactto concentratetheCO2to dangerouslevels.

Therearethreemain concernsassociatedwith geosequestrationin termsofhealthandsafety:
1. The transportof CO2bypipelinepresentsapotentialsafetyhazardto workersandthe

generalpublic (negativeexternality).
2. The injectionof CO2 into ageologicreservoirpresentsa potentialsafetyhazardto

workers(negativeexternality).
3. ThestorageofCO2 in ageologicreservoirpresentsapotentialsafetyhazardto the

generalpublic (negativeexternality).
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THE AMERICAS
CO2 capture commercial projects

Oklahoma
Currently in use

Warrior Run Power Plant The plant generates electricity and produces food-grade CO2 from flue gases Cumberland, Maryland
Currently in use

Bellinaham Cocieneration Facility The plant generates electricity and produces food-grade 002 from flue gases
Bellingham, Massachusetts
Currently in use

The plant uses an MEA-based scrubber to capture CO2 from boiler flue gas for use in
beverage production
Part of this large soda ash production plant comprises a coal-fired power generation plant
featuring CO2 capture from the flue gas. The CO2 is used for the carbonisation of brine
The GPSP is the only commercial-scale coal gasification plant in the United States that
manufactures natural gas. Located five miles northwest of Beulah, North Dakota, the GPSP
has been owned and operated by Dakota Gasification Company (DGC), a subsidiary of
Basin Electric Power Cooperative, Bism~rck, North Dakota, since 1988. This $2.1-billion
plant began operating in 1984. Using the Lurgi process, the GPSP gasifies lignite coal to
produce valuable gases, liquids, and by products (including 002). Delivers 002 to the

Unit in Canada

The location of the project is the Weyburn ojitleld in Uanada, first discovered in 1954. In
October 2000, EnCana began injecting significant amounts of carbon dioxide into a Williston

Wevburn Enhanced Oil Recovery Basin oilfield (Weyburn) in order to boost oil production. Overall, it is anticipated that some 20
Proiect Mt of carbon dioxide will be permanently sequestered over the lifespan of the project. The

gas is being supplied via a 205 mile long pipeline (costing 100 million US$) from the lignite-
fired Dakota Gasification Company synfuels plant site in North Dakota.

Prosint Methanol Production Rio de Janeiro, Brazil
Currently in usePlant

1MG Global Inc. Soda Ash plant, Trona, California
Currently in useTrona

Great Plains Synfuels Plant Five miles northwest of Beulah,
North Dakota
Currently in use

Williston Basin, North America
Currently in use

(GPSP) 009 Canture and
Compression

Acid Gas Iniection Proiects in
Sour natural gas contains hydrogen sulphide (H2S) and carbon dioxide (002); both require
removal prior to transportation and sale. The high capital and operating costs of sulphur
conversion plants and restrictions on flaring of acid gases has resulted in the development of
an alternative process for their disposal termed acid gas re-injection.

Canada
Currently in useCanada

FutureGen

A US$1 billion, 10 year research project to build the world’s first coal-fuelled plant to produce

electricity and hydrogen with zero emissions. The FutureGen plant will establish the technical
and economic feasibility of producing electricity and hydrogen from coal while capturing and
storing 002 generated in the process (approximately 1-2 million metric tons/year).

U.S.A.
Proposed

Demonstration Projects

2

Shady Point Power Plant The plant generates electricity and produces food-grade CO2 from flue gases
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CO2 Capture R&D Projects and Research Areas

Wevburn II CO9 Storage Proiect

This is a commercial-scale project that will utilize CO2 for enhanced oil recovery at a
Canadian oil field. The first phase began in 2000 and is scheduled to conclude in June 2004.
Phase II will involve transport of 95 million cubic feet per day ~of95% pure CO2 from a North
Dakota coal gasification facility through a 320-kilometer pipeline to an oil field in southern
Saskatchewan, where it will be injected into the field forenhanced oil recovery.
CSLF Endorsed —

I lie project is examining improvements to the chemical absorption process (using a variety
of solvents) as well as developing new technology and carrying .out technology screening
studies.
CSLF Endorsed Project

TheWeyburn oil field in southern
Saskatchewan, Canada
Currently in Phase II

Boundary Dam Power Plant
University of Regina
Currently Underway

International Test Centre (ITC) for
CO9 Capture

Advanced CO, Separation and
Geologic Storage Technologies

The project will demonstrate the feasibility of capturing CO2 from a variety of fuel types and
combustion sources and storing it in un-minable coal seams and saline aquifers
Los Alamos National Laboratory and Idaho National Engineering and Environmental
Laboratory are collaborating with the University of Colorado, Pall Corp. and Shell Oil Co, in a
3-year project to develop an improved high-temperature polymer membrane forseparating
carbon dioxide from methane and nitrogen gas streams.

The project will investigate and develop a separation technology that uses a redeemable,
sodium-based sorbet to capture CO2 from flue gas

North America
Proposed as at May2004

CO9 Separation Using Thermally
Optimized Membranes

Los Alamos
Project should be completed

Dry Redeemable CO9 Sorbets North America
Currently underway

CO9 Dioxide Process for Gas
Separation from Shifted Singes

The project will develop a process that captures CO2 by combining it with water at low
temperature and high pressure, thus forming C02/water hydrates

The goals of the research are to ultimately provide guidelines fordrilling of new CBM
production wells and enable field engineers to determine if cases of poor CO2 sequestration
and/or low methane productivity can be attributed to non-ideal coaled temperatures/depths
or, perhaps, to other factors.

North America.
Project in preparation

Physics and Chemistry of Coal-
North America
Currently being researched

Seam CO9 Seguestration and
Coaled Methane Production

A Novel C02 Separation System The project aims to develop a novel electricity generation and CO2 separation system based
on the reduction of a metal oxide

North America.
Prolect in preparation

Vortex Tube Design and
Demonstration for the Removal of The project is studying C02-liquid absorption kinetics, solvent generation requirements, and

scale up parameters forVortex Tube contactors
North America.
Project is currently being
undertaken

Carbon Dioxide from Natural and
Flue Gas
Carbon Dioxide Caoture by The project will develop an alternative solvent that~ptures more CO2 whilst using 25-50%

less energy than conventional, state-of-the-art MEA (monoethanol amine) scrubbing
Austin, Texas
Project in preparationAbsorption with Potassium

Carbonate
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Development of oxy-fuel boiler

concept

The project will develop a novel oxy-fuel boiler - a new design that incorporates a membrane

to separate oxygen from the air which is then used forcombustion

Tonowanda, New York

Project in preparation

Development of inorganic
palladium-based membranes

The project is developing an advanced palladium-based membrane for the reforming of
hydrocarbon fuels

North America.
Project is currently underway

Development of a computer
The project is developing a model for the systematic evaluation and comparison of different
technological options for CO2 capture from power plant

Pittsburgh
Project is currently underway

model for the evaluation of
powerdifferent CO9 capture from

plant options
Detailed cost analysis of three
options for CO9 caPture from an

The project is examining several technological options for the capture of CO2 from coal-fired

powerplants

North America

Project completedexistinci coal-fired power plant

Clean Enerciv Systems (CES’J.
Kimberlina demonstration Plant

CES is a privately funded company based in California that is developing an oxy-combustion
process based on rocket propulsion technology. The company is conducting a series of
developments aimed at demonstrating a complete oxy-combustion, zero-emissions power
generation system. Thefirst step involved the development of a high-pressure gas generator
(burner) that burns natural gas with pure oxygen in the presence of a large water recycle to
control flame temperature. The gas generator produces a mixture of high-pressure steam
and CO2 that drives an expansion turbine to generate power. The second part of the
development is to demonstrate the complete power cycle by adding the turbine, condensing
the steam, recycling the condensate, and capturing the CO2. The final stages of development
will involve developing turbines capable of operating at higher temperatures and pressures in
order to maximise the efficiency of the powercycle.
Successful tests in December2004 of up to three hours duration have been achieved on a•
gas generator of 20 MW thermal capacity. Work continues to test the long term operation of
the gas generator and the full recirculation of the water.

CES Base at Rancho Cordova
CA, USA. Demonstration facility
at Kimberlina Power Plant, near
Bakersfield, CA, USA. Project is
currently underway

U.S. Department of Enerciv
Carbon Seguestration Regional
Partnerships

On November 21, 2002, U.S. Secretary of Energy Spencer Abraham announced plans to
create a national network of public-private sector partnerships that would determine the most
suitable technologies,, regulations, and infrastructure needs for carbon capture, storage and
sequestration in differentareas of the country.
CSLF Endorsed Project

North America
Project is currently underway
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CANMET Energy Technology
Centre (CETC) R&D Oxyfuel
Combustion for CO9 Capture

The CANMET Energy Technology Centre’s (CETC’s) pre-competitive collaborative R&D
program in Ottawa, tackles the development of combustion and pollution abatement
technologies for fossil fuels in oxygen (02) and recycled flue gas (RFG) atmospheres for the

purpose of producing high purity CO2 streams that are capture ready for transport and
storage. The technique, often called oxyfuel combustion, has been shown to be a promising
approach that can be used in both retrofit and new applications to process heaters, furnaces
and power plants that burn fossil fuels for energy or powerproduction. Oxyfuel combustion
has the capabilityof generating flue gas with purity that ranges from 95-98 vol% .(dry basis)
of CO2 at the expense primarily of oxygen generation and use in a combustion application.
CSLF Endorsed Project

Near Ottawa Canada
Project is currently underway

CO, Separation from Pressurized

This is a small-scale project that will evaluate processes and economics for CO2 separation
from pressurized gas streams. Testing will utilize membranes developed in Japan at a test
facility near Pittsburgh, Pennsylvania. The proposed project, which began in 2003 and is
scheduled forcompletion in 2006, will evaluate primary promising new membranes under
atmosphericpressure. The next stage is to improve the performance of the membranes for
CO2 removal from the fuel gas product of coal gasification and other gas streams under high

Test facility near Pittsburgh,
Pennsylvania, United States.
Project is currently underway

Gas Stream

pressure.
CSLF Endorsed Project

Sorbent Development for Carbon
Dioxide Separation arid Removal

Selective separation of CO2 can be achieved by the preferential adsorption of the gas on
high-surface area solids. Conventional physical adsorption systems are operated in pressure
swing adsorption (PSA) and temperature swing adsorption (TSA) modes. In PSA, the gas is
absorbedat a higher pressure. Then pressure is reduced to desorb the gas. ln TSA, the gas
is absorbed at a lower temperature. Then, the temperature is raised to desorb the gas. PSA
and TSA are some of the potential techniques that could be applicable for removal of CO2
from high-pressure gas streams, such as those encountered in Integrated Gasification
Combined Cycles (IGCC).

North America.
Project status not available— Pressure Swing Adsorption &

Temperature Swing Adsorption

Fuel-Flexible Gasification-
Combustion Technology for•
Production of H, and
Seguestration-Ready CO,

GE-EER has developed an innovative, fuel-flexible advanced gasification-combustion (AGC)
concept that produces three product streams: H2, C02, and 02-depleted air.

North America
Project completed

Greenhouse Gas Emissions
Control by O~~en Firing inCirculating Fluidized Bed Boilers

The overall project goal is to determine if carbon dioxide can be recovered at an avoided costof $1 0/ton (or less) of carbon avoided, using an existing or newly constructed circulatingfluidised-bed (CFB) combustor while burning petroleum coke, coal or biomass fuels with amixture of oxygen and recycledflue gas, instead of air.
NorthAmericaProject completed

Recovery & Seguestration of CO2
from Stationary Combustion Physical Sciences Inc. (PSI), Aquasearch, and the Hawaii Natural Energy Institute at the

University of Hawaii are jointly developing technologies for recovery and sequestration of
North America
Project completed
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Systems by Photosynthesis of CO2 from stationary combustion systems by photosynthesis of microalgae.
Microalgae

Canadian Clean Power Coalition
An association of Canadian utilities and coal producers, Basin Electric Power Cooperative
•from the state of North Dakota and the US Electric Power Research Institute, the Coalition is
implementing a program focused on “securing a future forcoal-fired electricity generation.”

This project will provide the power industry with a low-cost retrofit system that could remain
in service during future upgrades at the powerplant. The captured CO2 can be used for EOR
or sequestered. Overall, this project addresses both design and full energy-cycle issues
pertaining to our current coal-fired power plants.

North America
Project is underway

CO, Capture forPC-Boiler Using

North America
Project status not available

Flue-Gas Recirculation:
Evaluation of CO,
Capture/Utilization/Disposal
Options

CO,-Enhanced Coal Bed The project aims to reduce greenhouse gas emissions by sub-surface injection of CO2 into
Methane Recovery Proiect deep coal beds and to enhance methane recovery factors and production rates as a result of Various Locations, North America
(Alberta ECBM) CO2 injection. Project is underway

CSLF Endorsed Project
Field Test of CO, seguestration The project demonstrated the process of sequestration in a brine formation selling in Texas;
into the Frio Formation. Texas. where very large scale sequestration may be needed to significantly offset anthropogenic Liberty County, Texas, U.S.A.
U.S.A. — Component of the GEO- CO2 releases. Project is underway
SEQ proiect CSLF Endorsed Project

EUROPE

I he storage in underground geological formations is an attractive option ror the removal,
essentially permanently, of very large quantities of CO2 generated from a variety of industrial North Sea, Norway

Sleipner Proiect operations. One promising technological option is that of capturing CO2 and injecting it into
deep underground saline aquifers, found in many parts of the world. One such formation is Project is underway
located above the Sleipner field, one of the larger natural gas producers in the North Sea.

Hammerfest Natural Gas Power
Plant with CO, and NOx capture

Gas fired power plantwith CO2 capture. Energy efficient capture of CO2 takes place in a high
pressure environment with high CO2 concentration. The powerplant technology is based on
well proven and commercially available components.

I-
This entry provides information on existing C02-EOR operations in North America and

Worldwide.

Hammerfest, Norway
Project is in preparation

Texas, Colorado, Oklahoma,
Louisiana
Project Status is not available

Various Worldwide C09-
Enhanced Oil Recovery
Operations

CO2 capture commercial projects
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The storage in underground geological formations is an attractive option for the removal,

Sleibner Proiect
essentially permanently, of very large quantities of CO2 generated from a variety of industrial
operations. One promising technological option is that of capturing CO2 and injecting it into
deep underground saline aquifers, found in many parts of the world. One such formation is
located above the Sleipner field, one of the larger natural gas producers in the North Sea.

In October 2001, Statoil and its partners filed a formal development plan for the Sn0hvit
Field, the first offshore gas field found in the Barents Sea and the point of supply for Europe’sfirst LNG export project.

North Sea

Project is underway

Snohvit (Snow White) LNG Snohvit Field, near Norway
Project is underwayProiect

CO9 Re-use through
Underground Storage (CRUST)

The project is examining issues leading to the creation of an underground CO2 buffer facility,
capable of providing subsequently the stored CO2 forcommercial application

Netherlands, government is
primary financial supporter.
Project completed

The CO2STORE Project will utilise the knowledge gained from the SACS project to study

CO2STORE

new CO2 storage opportunities in Europe. It is planned to investigate the properties of new

storage reservoirs in Denmark, Germany, Norway, and the UK. The project will also predict
the long term fate of C02 at Sleipner (Utsira reseryoir) and do further work on seismic and
gravimetry as monitoring techniques.

Denmark, Germany, Norway,

and the UK
Project is underway

CSLF Endorsed Project

Gaz de France Production Nederland B.V. (GPN) currently produces natural gas from North Sea, Netherlands. CO2 is

Offshore re-iniection of CO9 into various gas production installations on the Dutch continental shelf of the North Sea. The gas injected on one of GNP’s
a depleted gas field in the North produced at one of GPN’s existing offshore platforms contains a relatively large percentage offshore platforms. This
Sea of CO2. This CO2 is currently separated from produced natural gas and is released in the plafform, K12-B (operational

atmosphere. This project focuses on re-injecting this CO2 for storage and Enhanced Gas since 1987) is situated at about
Recovery. 100 km from the coast NW Den

Helder. - ~ctis underw~

The project isa joint initiative carrying out a development programme leading to the reduction Various Locations, Europe.
CO, Capture Proiect (CCP) in the cost of CO2 capture from combusti.on sources, followed by its safe, economical Project underway

underground storage
The project is developing and testing promising technologies for reducing the costs of

NorCap Proiect separating and capturing CO2 from fossil fuel combustion sources, plus its transport and Norway. Project underway
storage

Power Generation with CO9 The project aims to improve the energy conversion of natural gas in powercycles that
significantly reduce CO2 emissions.

The project is developing and testing a concept forco-production of powerand hydrogen fromnatural_gas with_integrated_CO2_capture.

Norway. Project underway
Capture

Future Energy Plants Norway. Project underway

CO2 Capture R&D Projects
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Separation of CO9 Using
N/A Norway. Project status not

available
Membrane Gas/Liguid
Contactors
Advanced Zero Emissions Power This multi-partner project is developing an advanced, gas turbine-based power generation

system that will produce no emissions to atmosphere
Europe — exact country
unclear. Project underwayPlant (AZEP)

Development of the HiOx The project is developing a powergeneration technology whereby oxygen if firstly separatedfrom the air, followed by the combustion of natural gas and concentrated oxygen in an
atmosphere of recirculated exhaust gases. A concentrated CO2 stream is produced

Cost effective environmental abatement technologies for power production.
-

Norway
Project underwayTechnolo~v

Grangemouth Advanced CO, UK and Europe — exact
countries unclear. Project
completed

Capture Proiect (GRACE)

CO, Capture. Transport and
Several institutions in the Netherlands have worked on a number of aspects or components of
Clean Fossil Fuel (CFF) systems. Often these institutions have very different perspectives but
CATO aims to streamline the objectives and perspectives of these activities and integrate
them into a comprehensive programme and network, closely connected to international
networks in which the partners of CATO participate.
The project’s objective is to make possible the capture and geological storage of 10% of•

Netherlands
Project underwayStorage in the Netherlands

(CATO)

European CO2 emissions, or 30% of the emissions of large industrial facilities (mainly
conventional power stations). To accomplish this, two types of approach must be validated

CASTOR, “CO9 from Capture to
Storage”

and developed: new technologies for the capture and separation of CO2 from flue gases and
its geological storage, and tools and methods to quantify and minimize the uncertainties and
risks linked to the storage of CO2. In this context, the Castor project program is aimed more
specifically at reducing the costs of capture and separation of CO2 (from 40-60~Iton CO2 to

Europe — various including
Denmark.
Project underway

20-30~fton), improving the performance, safety, and environmental impact of geological
storage concepts, and, finally, validating the concept at actual sites.
CSLF Endorsed Project

Enhanced Capture of CO, The ENCAP project is a research project for the development of Pre-combustion technologiesfor Enhanced Capture of CO2 in large power plants.CSLF Endorsed Project Sweden. Project underway(ENCAP)

Carbon seguestration in
Sotacarbo proiect on hydrogen Sotacarbo project involves the design, construction and experimentation of a test facility for

production of clean fuel gas such, hydrogen, energy from Sulcis coal and as well as CO2
capture and storage.

Italy. Sotacarbo Research
Centre, which is under

construction in Carbonia, South
East Sardinia. Project in
preparation

and energy production from
Sulcis coal (SEPCA)
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Innovative In Situ CO, Capture
The proposed project aims on exploiting this potential to produce a gas stream in the re-
generation process consisting of >95% CO2.

Germany, Poland, Greece,
Finland, Northern Ireland,
Spain, Austria
Project underway

Technolo~v for Solid Fuel
Gasification

CO2NET
CO2NET is the European Network of researchers, developers and users of CO2 technology,
facilitating co-operation between these organisations and the European projects on CO2
geological storage, CO2 captureand zero emissions technologies.
The CO2 Capture Project is an international effort funded by eight of the world’s leading
energy companies. This project intends to address the issue of reducing emissions in a
manner that will contribute to an environmentally acceptable and competitively priced
continuous energysupply for the world;
The project seeks to develop new technologies to reduce the cost of capturing CO2 from
combustion sources and safely store it underground. These technologies will be applicable to

a large fraction of CO2 sources around the world - such as power plants and other industrial
processes. Implementing these new technologies during this decade will reduce the impact of
continued fossil energy use while cleaner energy sources are being developed.
CSLF Endorsed Project
This project is located at Ketzin some 25 km West of Berlin, Germany. It is planned to inject
approximately 30,000 tons of CO2 injected into an aquifer which underlies a redundant gas
storage reservoir. The target reservoir lies between 600and 700m. A variety of techniques will
be deployed to characterise the site prior to CO2 injection and some novel down-holemonitoring techniques will be developed and tested. A detailed risk assessment will be carried
out prior to start of the experiment as well as a process of full consultation with local
authorities, residents and other interested stakeholders.

Europe — exact location

unknown. Project underway

CO, Capture Proiect (CCP) —
Phase 2

Europe (EU Commission and
Norway) and North America

Project underway

CO2SINK
Ketzin near Potsdam,
Brandenburg, GermanyProject underway

The Network focus is on the geological storage of CO2 as a greenhouse gas mitigation option. Europe (EU Commission)
CO2GeoNet It has several objectives over the 5 year period of EC funding for integration. Project underway

CSLF Approved

ASIA

I0
Sumitomo Chemicals Plant, Chiba. Chiba, Japan. Project isThe plant generates electricity and produces food-grade CO2 from flue gasesJapanlKokusai Carbon Dioxide on oin

CSLF Endorsed Project

Malaysia The plant features an amine-based scrubbing system, operating with a novel solvent, as part MalaysiaPetronas Fertilizer Co. of its operations producing ammonia and urea for the fertiliser market Project underway

9
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The Indo Gulf Fertilizer Com~anv
The fertiliser plant incorporates a CO2 capture facility that feeds a urea manufacturing unit

Jagdishpur, Uttar Pradesh
Project underwayIndia

Luzhou Natural Gas Chemicals

JODCO EOR Proiect

The plant produces urea and ammonia for the fertiliser industry in China. Part of the plant
features a scrubber system that captures CO2 from the process for urea production

• 0~S~
JODCO, in collaboration with by Mitsubishi Heavy Industries, has developed what is claimed

to be a novel technique based on CO2 injection for boosting oil production from wellscharacterised by diminishing output. This is to be tried for the first time by JODCO as part of
its operations on the UpperZakum Field in the United Arab Emirates.

S -. - Z33
The present project forms partof an on-going programme examining the Pressure
Temperature Swing Adsorption technique forCO2 capture

Luzhou City
Project underway

Japan. Project status notavailable

Research on Physical Adsorption
Method for C02 Recovery

Yokosuka, Japan
Project active

Development of Coal bed Methane The project is addressing a number of issues leading to an ECBM/C02 sequestration Qinshui Basin, China
Technology/Carbon Dioxide demonstration project in China via transfer of Canadian technology Project in preparation
Seguestration Proiect (CCCDP) CSLF Endorsed Project
Demonstration of Capture. Iniection Evaluation of Basalt Formation in India (Deccan Trap) for environmentally safe and India
and Geologic Seguestration of C02 irreversible storage of CO2 Project in preparation
in Basalt Formations of India CSLF Endorsed Project

AUSTRALIA

Chevron] exaco as operator ot the Uorgon gas development is planning one ot the largest Gorgon gas field, 130km off the

Gorgon Gas Development geological CO2 sequestration projects in the world. Thedevelopment will be based on the north-west coast of WesternGorgon gas field in Australia which is one of the world’s premier hydrocarbon resources. The Australia. Project underway
field is situated 130 km off the north-west coast of Western Australia.

Otwav Basin Pilot Proiect (OBPP)

The CO2CRC has developed a research project which involves extracting CO2 and methane
gas from an existing well, separating these gases in a temporary surface separation plant and
compressing the CO2 to a supercritical state in a compressor/refrigeration unit. This otway Basin — South West
condensed CO2 will then be transported and injected into a depleted natural gas field where it Victoria, Australia
will be monitored by the CO2CRC. A comprehensive monitoring program across the
atmospheric, near surface and subsurface domains is being planned. It is estimated that Project active
100,000 t of CO2 will be injected over 1 —2 years and monitoring and modelling activities will
continue_post_injection_for_several_years.

CO2 capture commercial projects

Demonstration Projects

10
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CO2 Capture R&D Projects

Cooperative Research Centre for
Greenhouse Gas Technologies
(CO2CRC

)

In December2002, the Australian Minister for Science announced the approval of a new
Cooperative Research Centre for Greenhouse Gas Technologies (CO2CRC). CO2CRC will
undertake research into existing and new capture technologies to reduce the cost of capture
and to assess and enhance their suitability for industrial and power generation activities.

Australia
Project active

Demonstration Projects
AFRICA

The field is being developed by In Salah Gas, a 50:50 joint venture between BP and state energy
company Sonatrach, and is scheduled to come on stream in 2003-4. Ultimately, In Salah Gas

In Salah Proiect aims to supply 9 billion m3/y of gas to the southern European market. A component part of theproject will include the facility to remove CO2 from the gas produced, followed by large-scale AlgeriaProject active
reinjection into an underground formation.
CSLF Endorsed Project

MiDDLE EAST

The Sour Gas Injection Proiect In October 2000, final commissioning of the Sour (3as Injection Project was completed and Undertaken in the Middle
of the Abu Dhabi Oil Company project became operational. In parallel to the Sour Gas Injection Project, ADOC implemented has by a Japanese Groupa second project known as the Zero Gas Flaring Project. Project status is not available

Demonstration Projects

Complied from: International EnergyAgency (lEA), Intergovernmental Panel On climate Change (IPCC), Wodd Energy Council (WEC), Carbon
Sequestration Leadership Forum (CSLF), Co-operative Research Centre for Greenhouse Gas Technologies (CO2CRC), CRC forCoal in
Sustainable Development (CCSD), Centre forLow Emissions Technology (cLET)
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Low EmissionsTechnologyDemonstrationFund (LETDF)

Fairview PowerPty Ltd:
Zero Carbon Power from Coal Seams

Proponent
TheproponentoftheZeroCarbonPower(ZCP) projectis FairviewPowerPty
Limited, awholly ownedsubsidiaryofSantosLimited. With Santosin theZCP
initiative is GEEnergy,BUP Billiton, ErgonEnergy,theAJ LucasGroup,
CommonwealthScientificandIndustrialResearchOrganisation(throughits Energy
TransformedFlagship),InnovativeCarbonTechnologiesPtyLimited (the
commercializationarmofCO2CRC)andLeasingCorporationPty Limited
(collectivelynamedthe ZCPConsortium),

Location
Theprojectwill be locatedattheFairviewCBM Projectsitein InjunenearRoma,in
southwestQueensland.

Project description
Theprojectwill constructa 100MWpowerstationfuelledby coalseammethane.
Thegasturbineusedin theprojectwill bean opencycle GeneralElectricLMS100.
Theprojectwill havea 10 yeardemonstrationperiod.

Theprojectwill captureandstoreone-thirdofthecarbondioxide emissionsfrom the
powerstation. Over100,000tonnesof carbondioxide will becapturedand stored
eachyear.

Theprojectwill demonstratetheuseof coalbedsasasourceoffuel for power
generationandasa storagesite for thecarbondioxideemittedfrom thepowerstation.

TheFairviewcoalseamsareunlikely to beminedastheyhavesignificantly adverse
featuresforusein the coalmarket.Theseincludedepthofseams(600-1000m),high
ash,longerdistancefrom the coastthanotherdeposits,low volatileshenceunsuitable
for thecokingcoalmarket.

Deepcoalbedsin Australiahavethepotentialto bestoragefor largequantitiesof
carbondioxide. By 2030overfive percentof Australia

tscarbondioxideemissions
couldbestoredin deepcoalbeds. In somepartsofAustraliadeepcoalbedsmaybe
theonly economicstoragesitesfor carbondioxide.

Cost and funding
Thetotalprojectcostis $445 million. TheAustralianGovernmentis contributing
$75 million.

H



Low EmissionsTechnologyDemonstration Fund (LETDF)

CS Energy:
Oxy-firing demonstration and carbon sequestrationproject

Proponent
CSEnergy’spartnersin the oxy-firingprojectareaJapaneseconsortiumcomprising
JCoal,IPowerandIHI; theAustralianCoalAssociationandXstrataCoal;
Schlumberger— aworld leaderin geosequestrationtechnology;theCO2CRCandthe
CRCfor Coal in SustainableDevelopment.

Location
Theprojectwill be implementedusing theCallideA powerstationat Biloelain
centralQueensland.

Project description
CSEnergyLtd. will retrofit a setofnewtechnologiesinto anexistingcoal-fired
powerstationin Queensland.Theprojectinvolvesfourprocesses:

- oxygenproduction;
- theuseofthat oxygenin theoxy-firing ofpulverisedblackcoal;
- captureofall thegasesresultingfrom combustion;and
-C02 separation,liquefaction,transportandgeologicalstorage.

Theprojectwill store30,000tonnesof carbondioxideperyearforthe life of the
demonstrationproject.As aresultoftheoxy-firing combustionprocess,the
technologywill alsoreduceemissionsof sulphuroxidesandnitrogenoxides.

Thisprojecthasalreadyattractedseveralinternationalpartnerssinceit providesan
efficientway to dealwith emissionsfrom existingcoal-firedplants.

ConstructionatCallideA will commencein April 2007,followedby afive-year
technologydemonstrationstarting in late2008.

Cost and funding
Thetotal costoftheprojectis $188million. TheAustralianGovernmentis
contributing$ 50 million.



Low EmissionsTechnologyDemonstrationFund (LETDF)

Chevron (TAPL) Pty Ltd:
Gorgon carbon dioxide (C02) Injection Project

Proponent
Chevronwill beworkingwith ShellDevelopmentAustraliaPtyLtd andMobil
AustraliaResourcesCompanyPtyLtd asjoint venturepartners.

Location
Theprojectis partoftheGorgondevelopmentoff thenorthwestcoastof Western
Australia. It includestheinjection ofcarbondioxide into theDupuyFormationsaline
aquiferunderneathBarrowIsland.

Project description

TheGorgonC02 InjectionProjectis acommercial-scaledemonstrationproject Icomprisingthreecomponents:• thecaptureofcarbondioxide from reservoirgasfrom thegasstreamofthe

Gorgondevelopment,compressionanddehydrationoftheCO2andits
transportationby pipelineto theinjectionsite;

• injectionoftheC02 into theDupuyFormationsalineaquiferunderBarrow
Island;and

• monitoringoftheinjectedCO2 to ensureit is safein termsofhealth,safety
andtheenvironment.

Carbonsequestrationtechnologyis beingappliedby theoil andgasindustry
worldwide. However,anunusualfeatureofthis projectis that C02will be injected
into a low permeabilitysalineaquifer,ratherthanintoan existingdepletedoil or gas
reservoir.

Theprojectwill be theworld’s largestgeologicalsequestrationprojectofthis type.
The injectionof C02 is expectedto startin 2009.Overits 40 yearlifetime, theproject
anticipatesremovingabout3 million tonnesperannumofreservoirCO2.

Cost and funding
Thetotalprojectcostis $1500million. TheAustralianGovernmentis contributing
$60 million.



Low EmissionsTechnologyDemonstrationFund (LETDF)

International Power:
Hazeiwood2030

Proponent
InternationalPower(Technologies)PtyLtd wasformedin March2006andis a
100%ownedsubsidiaryof InternationalPower(Australia)HoldingsPty Ltd.
InternationalPoweris a global powergenerationanddesalinationcompany.Its
headquartersarein theUK andit tradeson theLondonandNewYork stock
exchanges.

Location
Thedemonstrationprojectwill occurat theHazelwoodpowerstationin theLatrobe
Valley, Victoria.

Project description
InternationalPowerwill introduceanddemonstratetechnologyto dry browncoalthat
is usedasthefeedstockfor oneoftheboilersattheHazeiwoodpowerstation. The
useofdriedbrowncoalwill significantlyreduceC02 emittedby thegeneratingunit.
Hazelwoodhaseightgeneratingunitsandthe companywill considerapplyingthe
newtechnologyto all units, if thedemonstrationprojectis successful.

Theprojectwill alsoincludecarboncaptureandsequestrationfacilities. C02will be
utilised for ashwatertreatmentandbesequesteredinto calciumcarbonate.Excess
C02will beprocessedfor industrialgasmarkets.

InternationalPowerwill adaptinternationallyavailabletechnologyfor browncoal
drying andcarboncaptureto localconditions.This technologycanalsoberetrofitted
to otherbrowncoalplantsin theLaTrobeValley.

The coaldrying demonstrationphaseoftheprojectwill becompletedby theendof
2009.Thecarbondioxide captureschemeis expectedto be operationalby early2008.

Cost and funding
Thetotal projectcostis $369million. TheAustralianGovernmentis contributing
$50 million andtheVictorian Governmentan additional$30 million.



Stanwell ZeroGenProject

Subjectto the outcomesof a feasibility study currentlyunderway,the ZeroGenproposal
aimsto demonstratean IntegratedGasificationCombinedCycle(IGCC) powerplant with
carboncaptureandstorage(CCS)technology.

Coal-basedgasification.is a processthat convertscoalinto asynthesisgas(syngas),
which canbe usedasafuel to generatepower.

Carboncaptureandstorageis a processto capturecarbondioxide (C02) from the
syngas,compress,transportandsafelystoreit undergroundin deepsalineaquifers.

The project will be the first in the world to combine both IGCC and CCS for power
generation,making it an initiative of nationaland internationalimportance.It is intended
thatthefacility will be locatedadjacenttotheexistingStanwellPowerStation,29km west
of Rockhampton,in CentralQueensland.Carbondioxidewouldbe capturedatthesiteand
transportedby pipelinefor safestoragein deepundergroundsalineaquifersin theNorthern
DenisonTrough, approximately220kmwest,nearEmerald.

Stanwell, a QueenslandGovernmentownedcorporation,is the primary contractorto the
ZeroGenprojectand is responsiblefor themanagementof theproject,in conjunctionwith
externaladvisors.



IMPACT OF CARBON CAPTURE AND STORAGE ON GLOBAL
GREENHOUSE GAS EMISSIONS

ABAREANAL YSIS

Source:ABARE,Technology:its role in economicdevelopmentandclimatechange,Research
Report066,July2006,pp.2-4, 100-101.

To assesstheenergyconsumptionandemissionsimpactsofnewtechnologyandmethods
suchas carboncaptureand storage(CCS),ABARE analyseda numberof alternative
scenariosfor the developmentand transferof more energyefficientand low emissions
technologies.

ABARE modellinghasshown,that if CCSis excludedfrom asuiteof globalmeasuresto
reducegreenhouseemissions,a reductionof 18 percentof greenhousegasemissionsis
possibleby 2050. However,if CCS is included,a reductionof nearly26 per centcan
occur. This representsan eight per centdecline in global emissionsfrom businessas
usualresultingfrom CCS.

ABARE Scenarios

Scenario1: global technology

In this scenario,the developmentandavailability ofmoreenergyefficientand advanced
technologiesare assumedto be fully diffused throughoutthe world. The electricity,
transport and key energy intensive industries — aluminium, non-metallic minerals
(cement),mining, iron andsteel,andwood,pulp andpaperproducts— areconsideredto
be thefocussectorsfor technologicaldevelopment.Costdeclinesfor nuclearpowerand
non-hydro renewablesare also assumedin this scenario,to reflect possible gains
associatedwith enhancedresearchanddevelopmentand learningby doing.

Scenario2: global technologyplus CCS

In this scenario,the developmentandavailability of moreenergyefficientandadvanced
technologiesis assumedto be the sameasin Scenario1. In addition,CCStechnologies
areassumedto be usedin all newcoal and gasfired electricity generationplantsfrom
2015 in countriesthat arein AnnexB to theKyoto Protocol(EU25,RussianFederation,
CIS, Canadaand Japan)and the United Statesand Australia. From 2020, all other
countriesareassumedto utilise carboncaptureand storagetechnologiesin all newcoal
andgasfired electricitygenerationplants.
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