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Presentation  StructurePresentation  Structure  
•• The nuclear fuel cycleThe nuclear fuel cycle  

•• The UMPNER report processThe UMPNER report process  

•• The UMPNER report findingsThe UMPNER report findings  

–– Uranium mining and exportsUranium mining and exports  

–– ConversionConversion, , enrichment and fuel fabricationenrichment and fuel fabrication  

–– Electricity generationElectricity generation  

–– Radioactive wast and spent fuel managementRadioactive wast and spent fuel management  

–– Health and safetyHealth and safety  

–– Environmental impactsEnvironmental impacts  

–– NonNon--proliferation and securityproliferation and security  

–– RegulationRegulation  

–– ResearchResearch, , developmentdevelopment, , education and trainingeducation and training  

•• Conclusions Conclusions –– the challenges for Australia the challenges for Australia  
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The Nuclear Fuel CycleThe Nuclear Fuel Cycle  
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The UMPNER processThe UMPNER process  
•• Terms of reference Terms of reference --  June June 0606  –– to be factual to be factual, , objectiveobjective, , 

informativeinformative, , balanced balanced –– without advocacy  without advocacy   
•• Encourage public contributionsEncourage public contributions  
•• Hold face to face interviews Hold face to face interviews --  all persuasionsall persuasions  
•• Visit Australian uranium mining operations Visit Australian uranium mining operations   
•• Consult overseas with facility visits Consult overseas with facility visits --  FinlandFinland, , UK UK 

((SellafieldsSellafields)), , Ukraine Ukraine ((ChernobylChernobyl)), , FranceFrance, , CanadaCanada, , USA USA 
((Three Mile IslandThree Mile Island, , Yucca MountainYucca Mountain)), , JapanJapan, , KoreaKorea  

•• Deliver draft report by November Deliver draft report by November 0606  –– public launching  public launching ––  
further  public comment invitedfurther  public comment invited  

•• Final report to Prime Minister Final report to Prime Minister --  December December 0606  
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Australia has the worldAustralia has the world’’s largest U resources s largest U resources 
((38%38%))  but only but only 22nd largest producer nd largest producer ((23%23%))  
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World uraniumWorld uranium  
market outlookmarket outlook  

•• World uranium demand increasing World uranium demand increasing ……  
•• And price increased dramatically for some time And price increased dramatically for some time ……  

-- USUS$$1010//lb to lb to USUS$$110110//lblb  in in 3 3 years years ((was was USUS$$6060//lblb when we wrote UMPNER report and has  when we wrote UMPNER report and has 
been as high as been as high as USUS$$133133//lblb!)   !)   Website quote of Website quote of 1111 April  April 0707 read read::  

 
“Record uranium prices set off chain reaction of heated market activity … companies and 

investors engage in global race to profit from jump in element’s spot price” 
 
“Junior exploration companies boosted by hike in uranium prices to US$113 a pound, highest 

since 1970s” 
 
– But in Jan 08 back to USUS$$7878..0000//lb lb   
  

•• Uranium resources are plentifulUranium resources are plentiful  
-- high potential for future discoveries in Australia high potential for future discoveries in Australia –– limited exploration over last  limited exploration over last 2020 years years  
-- supply will supply will not not constrain nuclear power developmentconstrain nuclear power development  
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Uranium deposits are widespreadUranium deposits are widespread 
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Ranger uranium mineRanger uranium mine  
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UU33OO88 ( (YellowcakeYellowcake) ) exportexport  
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Downstream valueDownstream value--add add   
opportunities and challengesopportunities and challenges  

 
•• Uranium exports Uranium exports ((presently presently $$A A 0.60.6bnbn//aa) ) could could 

be transformed into a further be transformed into a further $$A A 1.81.8bnbn//a a ((but but 
note coal exports are note coal exports are $$A A 2525bnbn//aa!)!)  

•• Value add throughValue add through: :   
–– conversionconversion, , enrichment enrichment ((especiallyespecially) ) and and 

fuel fabricationfuel fabrication    
•• Challenges are significant Challenges are significant –– international   international  

industry well established and controlledindustry well established and controlled  
•• Did Australia miss the opportunity in the Did Australia miss the opportunity in the 

19801980’’ss?  ?  Yes Yes –– we probably did we probably did!!  
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Conversion plantConversion plant  
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The enrichment marketThe enrichment market  
 
•• Enrichment market highly concentrated Enrichment market highly concentrated –– small  small 

number of suppliers worldwidenumber of suppliers worldwide  
  
•• Barriers to entry high Barriers to entry high –– technology capital intensive  technology capital intensive 

and tightly held with trade restrictions and limited and tightly held with trade restrictions and limited 
access to skills baseaccess to skills base  

  
•• Enrichment technology proliferation sensitive Enrichment technology proliferation sensitive   

–– Low enrichment Low enrichment ((3.53.5--5%5% U U235235) ) --  power generationpower generation    
–– High enrichment High enrichment ((8585--90%90% U U235235) ) --  weapons grade materialweapons grade material  
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Uranium enrichmentUranium enrichment  
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The fuel fabrication marketThe fuel fabrication market  
 

•• Products highly customised Products highly customised ((see samplessee samples))  

•• Specifications depend on reactor design and Specifications depend on reactor design and 
a utilitya utility’’s fuel management strategys fuel management strategy  

•• Forecasts indicate Forecasts indicate capacity significantly capacity significantly 
exceeds demandexceeds demand  

•• So perhaps unlikely industry for AustraliaSo perhaps unlikely industry for Australia  



 15 

Fuel pelletFuel pellet  
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Fuel assemblyFuel assembly  
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Electricity generationElectricity generation  
•• Electricity demand to double before Electricity demand to double before 20502050  
  

–– Around Around 100100 GW  GW newnew generating capacity needed in Australia by  generating capacity needed in Australia by 20502050 ( (currently currently 4545 GW  GW 
installedinstalled))  

–– Spread of  technologies needed in generation mix Spread of  technologies needed in generation mix ((clean coalclean coal, , renewablesrenewables, , nuclearnuclear))  
  

•• Nuclear power the internationally proven least cost option for Nuclear power the internationally proven least cost option for many many 
countriescountries  

  
–– Includes lifetime waste disposal and decommissioningIncludes lifetime waste disposal and decommissioning  
  

•• Cost estimates vary Cost estimates vary --  but nuclear but nuclear not yet competitivenot yet competitive with Australia with Australia’’s s 
low cost coallow cost coal  

  
–– Still Still 2020--50%50% more expensive than current coal  more expensive than current coal –– but  but situation changingsituation changing with carbon  with carbon 

trading imminenttrading imminent  
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Typical nuclear power stationTypical nuclear power station  
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Nuclear power cost rangesNuclear power cost ranges  
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Generation cost comparisonsGeneration cost comparisons  
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Generation cost comparisonsGeneration cost comparisons  

•• Nuclear the leastNuclear the least--cost low emission technology cost low emission technology ((LETLET))  
–– renewablesrenewables, , CCS generally more expensive CCS generally more expensive ((ESAA concurESAA concur) )   

–– but will have substantial niche rolesbut will have substantial niche roles  

•• Without carbon constraint Without carbon constraint ((ie carbon pricingie carbon pricing) ) all all LETsLETs    
uncompetitive in Australia uncompetitive in Australia --  compared to coal without compared to coal without 
carbon capture and sequestration carbon capture and sequestration ((CCSCCS))  

•• With moderate carbon price nuclear power is competitiveWith moderate carbon price nuclear power is competitive  
–– Say Say $15$15 to  to $40$40 / /tonne COtonne CO22  --  ee  

–– Competitiveness of other Competitiveness of other LETsLETs ( (ie renewablesie renewables) ) will also improvewill also improve  
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Investment in nuclear powerInvestment in nuclear power  

•• Investors in nuclear power in Australia requireInvestors in nuclear power in Australia require::  
  

–– Stable long term policy environmentStable long term policy environment, , andand  
–– PredictablePredictable, , robustrobust, , consistent licensing and regulatory regimeconsistent licensing and regulatory regime  

  
•• Investment will establish funds to meetInvestment will establish funds to meet::  
  

–– Whole of life spent fuel management costsWhole of life spent fuel management costs, , and and   
–– Final decommissioning costsFinal decommissioning costs  
  

•• No other technology offers this holistic approachNo other technology offers this holistic approach  
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Power plant siting criteriaPower plant siting criteria  

•• Land Land –– comparable to coal for PS with no  comparable to coal for PS with no 
chimneyschimneys, , minemine, , conveyors or ash damconveyors or ash dam  

•• Water Water ––  20%20% more CW due lower efficiency  more CW due lower efficiency ––    
can be oncecan be once--through sea or estuary waterthrough sea or estuary water, , 
evaporative cooling towers or dry coolingevaporative cooling towers or dry cooling  

•• Air pollution Air pollution –– much less than coal  much less than coal –– no CO no CO22  

•• Access Access –– same as coal for plant items same as coal for plant items  
•• Safety and noise Safety and noise –– better than coal better than coal  
•• Location Location –– anywhere near grid  anywhere near grid –– unlike coal unlike coal  
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• Note very small waste volume for nuclear energy.  For countries with 
nuclear power radioactive wastes are >1% of total industrial toxic wastes 

Radioactive waste and Radioactive waste and   
spent fuel managementspent fuel management  
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Low and intermediate level Low and intermediate level   
wasteswastes   

•• LLW LLW –– paper paper, , glasswareglassware, , toolstools, , clothing clothing –– very lightly  very lightly 

contaminated contaminated –– no special shielding no special shielding  

•• ILW ILW –– reactor components reactor components, , chemical residueschemical residues, , spent medical spent medical 

radioisotopes radioisotopes –– needs special handling and shielding needs special handling and shielding, , but not but not 

coolingcooling  

•• Safe LLW and ILW disposal already well demonstrated at sites Safe LLW and ILW disposal already well demonstrated at sites 

worldwide including Australiaworldwide including Australia  

•• Australian uranium mine waste management standards very Australian uranium mine waste management standards very 

highhigh  
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Intermediate level waste Intermediate level waste 
((ILWILW) ) repositoryrepository  
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Reprocessing spent fuel and Reprocessing spent fuel and 
highhigh--level waste level waste ((HLWHLW) ) disposaldisposal  

 

 
•• ReprocessingReprocessing, , to retrieve uranium and plutonium for further useto retrieve uranium and plutonium for further use, , is technically is technically 

highly complex highly complex ––  probably unattractive for Australiaprobably unattractive for Australia  
  
•• Short term disposal in cooling ponds used for heat and radioactShort term disposal in cooling ponds used for heat and radioactivity decayivity decay  
  
•• Safe long term deep disposal technology for HLW and spent fuel Safe long term deep disposal technology for HLW and spent fuel will be will be 

employed in most nuclear power countriesemployed in most nuclear power countries  
  
•• Many parts of Australia suitable for long term deep Many parts of Australia suitable for long term deep ((>>500500mm) ) geological geological 

disposal of HLW and spent fuel disposal of HLW and spent fuel –– an opportunity an opportunity??  
  
•• Volumes very small Volumes very small –– around one small ensuite bathroom per  around one small ensuite bathroom per 10001000MW reactor MW reactor 

per yearper year  
  
•• But deep disposal But deep disposal not needed before not needed before 20502050 if nuclear power adopted by  if nuclear power adopted by 

AustraliaAustralia  
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Spent nuclear fuel Spent nuclear fuel   
 ( (HLWHLW) ) storagestorage  
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Implementing deep HLW disposalImplementing deep HLW disposal  
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Health and safetyHealth and safety  
 
•• Nuclear power has fewer health and safety Nuclear power has fewer health and safety 

impacts than coal or hydro generation impacts than coal or hydro generation   
  
•• Ionising radiation and health impacts very well Ionising radiation and health impacts very well 

understoodunderstood  
  
•• Established international safety standards  Established international safety standards  

well reflected in Australian practiceswell reflected in Australian practices  
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Nuclear contribution toNuclear contribution to  
 radiation exposure radiation exposure  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The contribution of the nuclear industry to background radiation in countries using it is 

minute – this is the USA example 
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•The contribution from nuclear power is minute! 
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Nuclear power plant safetyNuclear power plant safety  
 
•• Radiation dose return SydneyRadiation dose return Sydney--London flight  London flight  

greater than living near nuclear power plant for greater than living near nuclear power plant for 
6060 years years  

  
•• Modern reactors have dramatically improved  Modern reactors have dramatically improved  

safety systems and operator training post  safety systems and operator training post  
Three Mile Island Three Mile Island ((19791979) ) and Chernobyl and Chernobyl ((19861986))  

  
•• Further improvements made and in prospect Further improvements made and in prospect --  

new generation reactors are new generation reactors are ‘‘inherently safeinherently safe’’  
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Environment and climate Environment and climate 
changechange  

 
•• Full life cycle nuclear power greenhouse gas Full life cycle nuclear power greenhouse gas 

emissions very lowemissions very low  
  

–– Ten times below fossil fuelsTen times below fossil fuels, , similar to renewablessimilar to renewables  
  

•• Nuclear power has low impact on most other Nuclear power has low impact on most other 
environmental measuresenvironmental measures  

  
–– Water use can be higher than coal Water use can be higher than coal --  but can use sea waterbut can use sea water, , 

air cooling or water recyclingair cooling or water recycling  
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NuclearNuclear’’s role in emissions s role in emissions 
abatementabatement  

 
•• Need deep cuts in emissionsNeed deep cuts in emissions  
    

–– Nuclear can make important contributionNuclear can make important contribution, , but other but other 
technologies and actions required alsotechnologies and actions required also  

  
•• Can minimise cost of emission cuts by allowing market Can minimise cost of emission cuts by allowing market 

to chooseto choose::  
  

–– TechnologyTechnology--neutral measures needed neutral measures needed ((eg carbon pricing and eg carbon pricing and 
AllAll technologies in mix  technologies in mix ((RERE, , CCSCCS, , nuclearnuclear, , etcetc))  

–– Internalisation of externalitiesInternalisation of externalities) )   
–– Let rational marketsLet rational markets, , not politiciansnot politicians, , pick winnerspick winners  
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Life cycle greenhouse gas emissionsLife cycle greenhouse gas emissions  
from electricity generationfrom electricity generation  
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NonNon--proliferationproliferation  
•• Australian uranium export within international Australian uranium export within international 

nonnon--proliferation regime proliferation regime   
  
•• Australia has most stringent requirements for Australia has most stringent requirements for 

uranium supply uranium supply   
  
•• Increase in Australian uranium exports will not Increase in Australian uranium exports will not 

increase risk of proliferation increase risk of proliferation   
  
•• Proven proliferation cases involveProven proliferation cases involve::  

–– illegal supply networksillegal supply networks, , secret facilities and undeclared secret facilities and undeclared 
materials materials ((see AQ Khansee AQ Khan))  
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Uranium exports and nonUranium exports and non--
proliferationproliferation  

•• Uranium needs for nuclear weapon  Uranium needs for nuclear weapon  
relatively smallrelatively small  

  
•• Any country developing weapons need Any country developing weapons need 

not rely on uranium importnot rely on uranium import  
  
•• GGreatestreatest proliferation risk arises from  proliferation risk arises from 

undeclared centrifuge enrichment plantsundeclared centrifuge enrichment plants!!  
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Nuclear securityNuclear security  
 

•• Strict physical protection standards apply to Strict physical protection standards apply to 

nuclear power plant constructionnuclear power plant construction  

  

•• Modern reactor containment structures would Modern reactor containment structures would 

notnot be breached by impact of largest airliner be breached by impact of largest airliner!!  
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Uranium mine regulationUranium mine regulation  
 
•• AustraliaAustralia’’s three uranium mines operate s three uranium mines operate 

under different regulatory regimesunder different regulatory regimes! ! Can you Can you 
believe itbelieve it??  

  
•• Each Australian State currently has a Each Australian State currently has a 

different regulatory regimedifferent regulatory regime! ! Can you believe itCan you believe it??  
  
•• Uranium mining regulations Uranium mining regulations mustmust be  be 

rationalised and harmonised nationallyrationalised and harmonised nationally  
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Evolution of nuclear power Evolution of nuclear power   
plant designsplant designs  
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Research and developmentResearch and development  

•• International support for nuclear RInternational support for nuclear R&&D fell in decade to D fell in decade to 
20012001, , but has since risen sharplybut has since risen sharply  

  
–– Around half total OECD energy technology RAround half total OECD energy technology R&&D funding is nuclearD funding is nuclear  
  

•• Minimal Australian nuclear energy RMinimal Australian nuclear energy R&&D in past D in past 3030 years years  
  

–– Australian RAustralian R&&D focussed on uranium exploration and miningD focussed on uranium exploration and mining  
  

•• Australian nuclear RAustralian nuclear R&&D D mustmust increase significantly increase significantly  
  

–– International collaboration a priorityInternational collaboration a priority  
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AustraliaAustralia’’s relative nuclear Rs relative nuclear R&&D effortD effort  
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Education and trainingEducation and training  

•• Growing international demand for skilled nuclear Growing international demand for skilled nuclear 
personnel driven bypersonnel driven by  

  
–– ageing experienced nuclear workforceageing experienced nuclear workforce  
–– international international ‘‘nuclear renaissancenuclear renaissance’’  already well under wayalready well under way  
  

•• Specialist education in Australia must expand if nuclear Specialist education in Australia must expand if nuclear 
power adoptedpower adopted    

  
–– opportunity to leverage international effortsopportunity to leverage international efforts  
–– and and build international linkagesbuild international linkages  

  
•• Institutions and students will respondInstitutions and students will respond  
  

–– if right policies are in place if right policies are in place ((as in USAas in USA))  
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Education Sector can respond Education Sector can respond ((USUS))  
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UMPNER conclusions UMPNER conclusions ((11))  
•• Australia can significantly expand uranium exportsAustralia can significantly expand uranium exports  

•• Reserves adequate Reserves adequate –– much more to be found  much more to be found –– especially Australia especially Australia!!  

•• Electricity demand more than doubles by Electricity demand more than doubles by 20502050  

•• Nuclear proven choice of many countries Nuclear proven choice of many countries –– contributes  contributes >>15%15% of total  of total 

world generation world generation   

•• In Australia nuclear generation In Australia nuclear generation 2020--50%50% costlier than  coal costlier than  coal  

•• But carbon pricing makes nuclear competitive for base loadBut carbon pricing makes nuclear competitive for base load  

•• Nuclear costs include waste disposal and decommissioningNuclear costs include waste disposal and decommissioning  
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UMPNER conclusions UMPNER conclusions ((22))  

•• Safe LLWSafe LLW, , ILW and HLW disposal technology proven ILW and HLW disposal technology proven   

•• Deep geological disposal safest long term HLW choiceDeep geological disposal safest long term HLW choice  

•• Australia has many geologically suitable deep disposal sitesAustralia has many geologically suitable deep disposal sites  

•• Radiation impacts well understood and controlledRadiation impacts well understood and controlled  

•• Nuclear power has fewer health and safety impacts than fossil  Nuclear power has fewer health and safety impacts than fossil  

--  but no technology is risk free but no technology is risk free   

•• Nuclear power has acknowledged legacy issues Nuclear power has acknowledged legacy issues ((Chernobyl Chernobyl 

and TMIand TMI) ) but but notnot representative of modern reactor practice representative of modern reactor practice  
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UMPNER conclusions UMPNER conclusions ((33))  

•• Deep emissions cuts needed to mitigate climate change Deep emissions cuts needed to mitigate climate change –– nuclear  nuclear partpart  

of portfolioof portfolio  

•• Nuclear low emission technology Nuclear low emission technology ((LETLET) ) –– over ten times less than  over ten times less than 

fossil fossil --  comparable renewablescomparable renewables  

•• Emission reduction costs minimised through market  measuresEmission reduction costs minimised through market  measures  

•• Australia has robust highly respected nonAustralia has robust highly respected non--proliferation regime proliferation regime   

•• Proliferation risk from secret enrichment facilitiesProliferation risk from secret enrichment facilities, , notnot spent fuel from  spent fuel from 

well protected power plantswell protected power plants  

•• Industry regulation must be harmonised and rationalisedIndustry regulation must be harmonised and rationalised  
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UMPNER conclusions UMPNER conclusions ((44))  

•• Australian nuclear RDAustralian nuclear RD&&D investment minimalD investment minimal  
•• Significant skilled human resource increases Significant skilled human resource increases 

needed if Australia to deploy nuclear energyneeded if Australia to deploy nuclear energy  
•• International collaboration commended International collaboration commended ––  

especially RDespecially RD&&D and educationD and education  
•• From From 20202020 to  to 20502050 Australia could build fleet of  Australia could build fleet of 2525  

reactors reactors --  each each 10001000MWe MWe   
•• Delivering Delivering 25 25 GWeGWe  --  one third Australiaone third Australia’’s power s power 

needsneeds, , saving saving 17%17% emissions relative to BAU emissions relative to BAU  
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ThankThank--you for your   you for your     
  attention  attention  

  
The next step is up to us The next step is up to us ––  

the peoplethe people!!  


