Special Ux Consulting Report March 2009

0 63 ) e L\ ] o &3

Nuclear Industry Value Chain

A service of

LY

O VLWL

Ux Consulting
1401 Macy Drive
Roswell, GA 30076
(770) 642-7745
WWW.UXCc.com



— NOTICE —
The Ux Consulting Company, LLC (“UxC”) shall have title to, ownership of, and all proprietary rights in this Report.
Under United States federal copyright law (17 USC 101 et seq.) it is illegal to reproduce this Report by any means
without written permission from UxC.

The information contained in this Report is obtained from sources that UxC believes to be reliable. UxC makes no war-
ranty or representation, express or implied, with respect to the accuracy, completeness or usefulness of the information
contained in this Report and UxC, to the maximum extent permitted by law, assumes no liability for the use or effects of
any of the information or data contained in this Report.

It is UxC’s strict policy not to endorse, promote, or recommend any particular securities, currencies, or other financial
products or instruments. Nothing contained in this Report is intended to constitute investment, legal, tax, accounting or
other professional advice and the reader should not rely on the information provided in this Report for making financial
decisions.

The Ux U305 Price® and other Ux Price indicators are developed by The Ux Consulting Company, LLC (UxC) and are
proprietary and exclusive intellectual property of UxC. These price indicators are provided to UxC’s customers through
the Ux Weekly® publication and are made available on UxC’s public website solely at UxC’s discretion. They may not
be reproduced or otherwise used without UXC’s express permission.

UxC®, Ux Weekly®, Ux UsOsg Price®, Ux>™, and Ux Consulting™ are trademarks of The Ux Consulting Company, LLC.




Nuclear Industry Value Chain - Mar 2009

Table of Contents

Table of Contents

1 - Introduction & Overview 6
PUIPOSE Of REPOI ...ttt oottt e oo s e bbb ettt e e e e s s a bbbttt e e e e s s aaa b e et e e e e e e e sbba st eeeeeeesnnnnneeeeeeeenan 6

Y (0 [oa (0] =0l =T o Lo o SRR 6

2 — Front-End Market Overview 8
3 — Uranium Mining & Milling 10
T G A @Y= oY Lo 10

e Uranium Production: 1995-2020 .......cccceiiiiiiiiieeeeeeeieiiieee e e e e ettt e e e e e eeeeaataaeeeeeeatraa e aaeeeestaaaaaaetessartaaaaaaaeeeees 13

LSV d =Y/ 14
YU o] o VAR B LT 4 o= o [ OO PP PUPT R PPPPI 15
=T A I = 0 o £ 16
Pricing and Profit MArgINS .........uiii oottt e e s e e e e e s s et e e e e e e s s b bbb e ee e e e s s sbbseeeeeeeessnssbareeeaeeenns 17

L 0 1001 = U0 1 17

TOLAI MAIKEE SIZE .uuii ittt e e e e e ettt e e e e e e e et b e eeee e e e et b b e eeeeeeseasaaa e eeeeessssaaneeeeesessnnnnnes 18

4 — Uranium Conversion 19
Y T G A @Y= oY Lo 19
[V o F= Y= £ USRS PPRRS 21

O MAFKEE SRAIES.... ..ot et e e e ettt e e e e e e e e et et e eeeee e s tt e aeeeeeestte st e eeeeesrana e aeeeereraas 23

YU o] o VAR B LT 4 o= o [ O U PP PUPT O PPPP 24

I R T o [ To] g b= Ll DI o F= T 11T PP PPP PP 25

=T =] A =T 0 o 26
Pricing and Profit MArgiNS .........eciie oottt e e s st et e e e e s s bbb e e ee e e e s s bbb b et eeeeeeannbbbaeeaeeeeeaan 27

L S (01881 F= 1o 11 SR PP 27

R0 = Y P4 2 ] A TP PPPPPPPPPPPPPPRt 28

5 — Uranium Enrichment 29
TS @ Y=Y YT 29
[NV o F= Y= £ PP PPPPPPPPT 30
YU o] o] VA B LT 4 o= o [T PP PUPT T PPPPI 32

Y =T I (=] [0 LSOO PPUORRUUPPNt 33
Pricing and Profit MArgiNS ..........iiiioiiiiiiiie et e e e e e s s et e e e e e e s s ettt e e e e e e s sa et baeeee e e s sssaaseaeeeeeassnssareaaaeennas 34

L o) 1001 = U o 1 34

TOLAI MAIKEE SIZE couuiiiiieeeeie ettt ettt e e e e et e et e e e e e e e et b s eeee e e e et b b e eeeeeesessaaan e eeeeesssaaaneeeeeeesrannnnes 35

6 — Nuclear Fuel Fabrication 36
MMATKEE OVEIVIBW ... ..ot e oottt e e e e e e e e ettt eeeee e e et taa e eeeae e e e st aaa e eeaee s s s s aasaan e eeesssssannsaaeeeessrannnsaaanees 36
[V o F= Y= £ SRS PPPRR 37

o FUEI MANUFACIUINNG PTrOCESS .. .iiiiiiiiiee ettt ettt e e et e e e e s o bbbttt e e e e s s b bbb e et e e e e e e abbeeeeeeeennnsnbbaeeeas 38

YU o] o]V B LT 4o F= 1 o [P OTST PP PPTT PP 39

Y =T G I (=] (o [P O U P U PPTORRUUPPNt 41
Pricing and Profit MArgiNS .........eciii oottt e e e e s s st e e e e e e s s e st e e e e e e s saaa e baeeee e e s sssaaseaeeeeeasnnsbaseaaaeeeaas 42

L o (oT T o] (Tt ) PO PPPPION 43

L (01881 F= 1o 10 SRR 44

R0 =1 WY o G ST A= U PRUPRPRRPPRPRRPPRt 44
Y@ 2 U =Y I = o o7 11 0] o N 45

L SV o = 1= £ 45

e MOX Fabrication Market Siz€ and TrENAS. ... ...uuuuiiiiiiiiiiiiiiiiii e a—aaaaaaaaaananannnnnaannaaaanaa, 46

o MOX Pricing and Profit MAIQiNS. ............ e s sssnssnsnsnnnnnn 46

7 — Nuclear Reactor Market Overview a7
Global Nuclear Power Forecast through 2030 .........ccooiiiiiiiii e 47

[N [Uo [T T = LY Tox (o] g I =Ted ol a o (o To YA =d ] 0 0= USRS PRPR 50

L == TS (ol Y= T o] 1= TS o 50

© 2009 UxC 1



Table of Contents Nuclear Industry Value Chain - Mar 2009

BOIlING WALET REECIOIS ...cceiiiiiiiiitie ettt ettt e e oo ok b e ettt e e e e e e n bbbttt e e e e e s aanbe e e e e e e nbbtbeeeeeeseannntneeeas 50
Pressurized WaLEr REACLOIS ..........ciiiii ittt e e e oo et e et e e e e s o e b bbbttt e e e e e e s aabb e et e e s e abbbneeeeeeeeannnbneeeas 51

HEaVy Water REACIOIS .........oiiiiiiiiie ittt 52

(1= L 0o ]e] [STo [ 2 LT Tex (o] £ TSRS RP 52

Light Water Cooled, Graphite Moderated REACIOIS .........coiviiiiiiiiiiiiieie et 53

HIg TEMPEIATUIE REACIOIS ... .eeiiiiiiieiiiee ettt ettt e e ekt e e ettt e s b et e e sab et e e ek e e snbe e e s nbneeeeanbneeenans 53

FASt BIrE@UEI REACIONS .....cutieiiiiiiitee sttt ettt ekttt e et ee et bt e bt eb e bt e bt et s s e e bbb enbe et e e et e e 53

o Evolution Of REACIOr TECHNOIOGIES .......viiiiiiiii et a e e s st r et e e s bbb eeeeeeeenas 54

o Generation Il and I+ REACLOIS ......ccoiuiiie ittt e et e et e et et e e e et e e e e e aabe e e e sbbe e e e aabbeeeesnseeeaannneaeannneeaens 55

L ST Toa (o] g o= o 1] Vo PP PPPPPPPPN 55

o UXC Nuclear Reactor TeChNOIOgY ASSESSIMENTS .......vieiiiiiiiiiiiiieeeeeeiiitiree e e e e e s e st bree e e e e e s s sabbreeeeaeessansnrraeeeeesanns 57

8 — Nuclear Reactor Construction 60
=g G R @Y= Y o SRR 60
e Global Energy Demand GrOWEN ............cuoiiiiiiiiii 60

o Future Nuclear REaCOr CONSIIUCTION. ......ciiuuiiieiiiiie ettt ettt e et e e st e e e e s eabe e e e sbbe e e e sabbeeaanneeaeaanneeaens 62
[NV F= Y= £ RSP RRPRN 63
LY = Lo T NV IS TS 1S AV =T o T o 63

® Other NOtEWOITNY COMPANIES. ...uiiiiiiiiiiiitiiiie e ettt e e e e e st e e e e s s s b e e eeeeessasbbbreeeeaeessssbbeeeeeeeassssrreeeeeeeenan 67

® CONSIIUCTION COMIPANIES.....cuiieieiiiee e e ettt e e e e ettt e e e e e s e st e e e e e e e e s e bbb e e e e e e e e s saab b bbb et eeeessaanbbbeeeeesasnsnbnneeeaeeaans 67
YU o] oV B LT 4 o= o To [P P TTORPPPPPPN 68
© SUPPLY Chain CONSIFAINTS ......eiviiiiiee ettt e s e e e e e s s aa b bbbt e e e e e s s s bbbt e e et e e e s s aanbbbeeeeeesnssbbbbeeeeeeennnns 68
(=g A I =T 06 PRSPPI 69
Pricing and Profit MAIGINS .......ooiiiiiiiiie ettt e e e e s st e e e e e s s s bbb bt e e e e e s easbbbbeeeeeeeassnsbbbeeeeeeeenannnees 72
L S (01881 F= 1o 11 TP PPPRTN 76
TOLAI MAIKEE SIZE ...ttt o ket e e s b bt e e e o a b bt e e s aa b et e e sk b e e e e anbb e e e e nbn e e e e nneeeeannneeeeanns 77
9 — Nuclear Reactor Operations and Services 79
IMIBTKEE OVEIVIEW ...ttt ettt etttk e+ o bttt e 4o ekt e 4k bt e £+ 42kt ee e 4a ket a4 4a b bt e a4 ea b ee e e a kb e e e e nbb e e e e anbb e e e e anbneeenanrees 79
[NV o F= Y= £ O PP PP PUPPPPRPPRN 80
YU o] oV B LT 4 o= T o [o [P T PP P TP PTPPPPPPN 80
(= 1= O I €= 0T LT PP P PP PPPTPPRPPRN 81
Pricing @nd Profit MAIGINS ........coiiiiiiiiie ettt e e st e e e e e e s s e bt e e e e e e e s s aasbeaeeeaeeassssasaeaeeeeasssssasaeaeeeeessnnnnes 83
L e (0] 1 1Y F= 1o 11 PP PPPPPPRPN 84
TOUAI IMAIKETE SIZE ...ttt e oo oottt e e e e e oo bbb b ettt e e e e s s ab bbbt et e e e e e eh bbb et e e e e e e s nnbbe b et e e e e e e annnnneeeeas 85
10 — Back-End Market Overview 87
11 — Used Fuel Treatment, Storage & Disposal 20
IMIGIKET OVEIVIEW ...t e ettt ettt e oo e st b ettt e e e e 4o s bttt et e e e e e 4 4R b bbb ettt e e+ 44 aae bbb e et e e e nsbbb s et e e e e e eannnbbbneeeeeeenannnnes 90
Projected USed FUEBI DISCRAIGES........cuiiiiiiiiiiiiiii ettt e e e e s et e e e e e s s et e e e e e e e s sansteeaaeeeasssssaaeaaeeeeessnnnns 92
REPIOCESSING OVEIVIEW ....eiiiiiiiiiiiiiiiiee e e e e ettt e e e e e e s st a et e e e e e es s s abbaeeeeeeessasssbaaeeeaeessaasbaeeeeaeessassssesaeeeeassssssnsaaeeeeensnnnnns 92
REPIOCESSING KEY PIAYEIS ..o iiiiiiiiiiiee ettt e ettt e e e e sttt e e e s s et bbb e e e e e e e s s sb bbb e ee e e e e s s asaeeeeeeeesessbbaeeeeeeeennnnnnns 93
Reprocessing Market ANAIYSIS RESUILS .........uuiiiiiiiiii ittt e e e s s et e e e st st b e e e e e e e ssabbreeeeeeesssnnnnns 96
REPrOCESSING MATKET TIENUS ... .eiiiiiiiiie ettt et e e e e e s e et e e e s s e bbb et et e e e s s s bbb b et e e e e e e s s nbeeeeeeeeessnsbbbaeeeeeeennnnnnes 98
USEA FUEI StOrAgE OVEIVIEW ....oeeeeiviieiieieeeeieeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeseeeeseeeeeeeeeseseeeessseseessssessssssssnsssnssssssssssesnsnsennesnnsnnnnnns 99
Used FUEl StOrage KEY PIAYEIS .......cviiiiiiiiiiiiieiiieieeeeeeeeeee et eeeee et eeeeeeeeeeeeeeeeeeeeeeeeeeesseeeeeseeeeeseeesssasanesseeeeeeseeeeennennennnnnns 100
Used Fuel Storage Market ANalYSIS RESUILS .........ccoiiiiiiiiie et e s e e e e e e st e e e e e e esnaaaaeeeaeeesnnnnnes 102
(CT=To] [oTo[Tor: I B 1Y o To L= UM @ AV =T oY/ =1 PR PPSRT 104
GeologiCal DISPOSAl KEY PIAYEIS .......uuiiiiiieiiiiiiiiiiee ettt et e e e e e s st e e e e e e s sab b e e e e e e e s ssbbseeaeeeesannssnbeaeeeeennas 104
Geological Disposal Market ANAIYSIS RESUILS .......coiiiiiiiiiiiiieie e e e s e eeeeeeeeas 108
Used Fuel Market Pricing and Profit Margins.........oouuiiiiiee ittt e et e e e e s ibnreeee e e e e s sannes 109
12 — Radioactive Waste Management & Disposal 110
ANAIYSIS UNCEITAINTIES ...ttt ettt ettt et et ettt e e e et e e e e e e e e e e e e e e e e e eeeeaaaeaaaaaaaaaaens 110
IMIBIKET OVEIVIEW ...ttt e ettt e ettt oo oo e bttt e e e e 4ok bbbt ettt e o444 R bbb ettt e e e e 44 nb b be et e e e e s nbbb e e e e e e e e eannnbbneeeeeeesannnne 110
LSV F= Y= £ P PPERR: 111
MArKEt ANAIYSIS RESUILS ......eiiieiiiiiiiiiet et s st e e e s s et bt e et e e e s s s st be et e aeesssbbeeeeeeeeeansssbaeeeeeeeenannnne 114

2 © 2009 UxC



Nuclear Industry Value Chain - Mar 2009 List of Figures

P g E= AT S, (11 To e (o] [o o V2SSOSR 116
= A I =T 0o RO TP PP OU PRI 116
Pricing and Profit MArgiNS ..........eeii oottt e e e e e s b bbb e e e e e e s s s b bbbt e e e e e s e abbb bt eeeeeeasnebbreeeeas 117

13 — Decommissioning & Decontamination 118
IMIBITKET OVEIVIEW ...ttt ettt ettt e st e ekt e oottt e e o R et o4k et e 4k et e e e b e et e e eme e e e e s e e e e e nnre e e e s nnn e e e e nnnneee s 118
SV =Y/ 119
MaArKEt ANAIYSIS RESUILS ... .t e e e e s e e e e e e e s e e e e e s s e e e e s e s e e e e e e e e s e s e e snnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 122

P g E= VAT S, (11 ToTe (o] [o o V2SS 124
=g A I =T 0o E O PO ST PPTUPPTOU PRI 126
Pricing and Profit MArgINS .........uiiii ittt e s e e e e e e s st e e e e e e s s s st b beeeeeeee bbb beeeaeeeasnssbareeeeas 126

14 — Summary & Conclusions 127
Nuclear INdUSEry INtEr-ReEIAIONSNIPS ......viiiiiieiiii e e e e e e e e e s s bbb e e e e e e s s naabbaeeeess 128
Nuclear Market Size ANAlYSIS ANA FOTECASIS........uuiiiiiiiiiiiiiiiiie e e s s e e e e e s s sbbareeeess 129

[ T =L I V0 U T | £ 132
Glossary 133
Appendix A — Reactor Capacities Anticipated by 2030 by Country 134
Appendix B — Worldwide Reactors Under or Near Construction 136
Appendix C — Nuclear Reactor Supply Chain Companies 140
Appendix D — Nuclear Industry Alliances & Partnerships 145
Appendix E — Nuclear Fuel Cycle Market Shares 154
L= 010 oo T USSR 154

(070 0177 6] o PP PPRRN: 155

= 0T od o101 1= o | OO UPPPTIP 156

=L o o= 11 o] RO PO PP UPPTIP 157

o Regional Fabrication Market SNArES...........cuuviiiiiiiiiiiiiee et e e e e e e e e e s srb e e e e e e e s nnennes 158

=] 0] (0T TS [ o SRR 159
MOX FUEI FDFICALION ...ttt e et e ettt e e e b et e e aa bt e e skt e e e eabb e e e e enbb e e e e anbneeeeannneeens 159
NEW NUCIEAI REACTIOIS ... iiieiie ettt ettt e e ettt e e e h bt e e e b et e s eab bt e e e ek b et e e o ab b et e eabb e e e e anbs e e e e nbneeeannreeeas 160

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.

N[ o L= Tl U= 3o 1SS 8
UXC Global Nuclear Fuel Market Forecast, 2008-2030 ..........ccciiuiiieiiiiireiiiieeeeiiieeeesiieeeesseeneeessneeessnnnees 9
Timeline of Uranium Spot Price Movements, 1987-2004............euiiii i ee e 12
Timeline of Uranium Spot Price Movements, 2004-2006............couiuiiaiiiiiiiiieeaa e a e erareeeea e 12
Timeline of Uranium Spot Price Movements, 2007-2009...........uuuiiiieeriiiiiiiieeie e e essieeeeeee e e e s snnenreeeeeee e s 13
World Uranium Production Plans vs. Actual Production, 1995-2020...........cceeiiuiiieiniieeeeiiiieeesniieee e 13
2007 Uranium Production BY COUNIIY .......ciiieeiiiiiiiiiiee e e e e e s s st e e e e e e s s s snarnae e e e e e e e s snsrneeeeaeesannnnnes 14
World Uranium Market Demand vs. Mid-Case Supply, 2008-2030 .........cccoeiiirrirrreeeiieiiiirneeeeeeeeessnevnnees 15
Existing and New World Uranium Production, 1998-2030..........ccuuuiiiiiiaaiiiiiiiiiieee e eiieeeee e e iaeeee s 16
UXC Uranium Price Forecast, 1987-2030 ..........uuuiiiiaaiiiiiiiiieiaa e e e s ettt ee e e e e e e sisbeeeeeaa e e s s s snbbeeeaaeeesaannnes 17
UXC Uranium Market Size Forecast, 2008-2030 ..........ccuuuriiiiieiieeiiiieieeeeeeeretie e e e s es et e e eeesseerannaeeeaees 18
Historical Spot Conversion Prices and Significant Events, 1990-2009..........cccccceviviiiiiiieeeeeesesciieieeeeen 19
Uranium Conversion Market Shares (Primary ONIY)......c.uuveeiiieeiiiiiiieeee e ssieer e e e e s s srrree e e e e e e e snnnnes 23
Uranium Conversion Market Shares (Including Secondary).........ccocveveeeiiiiiiiiiiieee e 24
World Conversion Supply vs. Demand, 2008-2030 ........cccuuiiuuuriiiiiaaaaiiiiieeee e e e et ee e e e e e enenreeeaaa e s 24
Western Enricher Input Requirements vs. UFg Production ... 25
UXC Conversion Price Forecast, 1987-2030.........cuuuuiiiiiiiiiiieiiiiiee e eeeeetie e e e e e e st s e e e s e rerabn s e e e e e s essraaanns 27

© 2009 UxC 3



List of Figures Nuclear Industry Value Chain - Mar 2009

Figure 18. UXC Conversion Market Size Forecast, 2008-2030..........ccciuuruiiiiieeeiiiiiiiiiereeeesssnsrereeeeeeesesnnesseeeeaeeses 28
Figure 19. World Enrichment Supply vs. Demand, 2008-2030 ..........cccoiiurrimirieeeiiiiieieeereeeesssnrnrreereeeesssnsnsrereeeeens 33
Figure 20. UXC SWU Price FOrecast, 1987-2030 .......ciuueeiiiiiuiieeiieeeesiesisieeeeeeeeessassstsseesseesssssssssssssesesssnnssssseseeeesnn 34
Figure 21. UxC Enrichment Market Size Forecast, 2008-2030...........cccciurriiriieeeiiiiiiiireeeee e s s s ssrrreeere e e s s ssnsnnreseeeeses 35
Figure 22. UxC LWR Fuel Fabrication Supply & Demand Forecast, 2009-2020.........ccccceriiiiuriiieeieaeniaiiiiiieeeaaeenn 40
Figure 23. Nuclear Generating Capacity Percentages by Region, 2008 vs. 2020 VS. 2030........cccveeeriniiiririeeeaaannn. 48
Figure 24. UxC World Detailed Reactor & Nuclear Capacity Forecast, 2008-2030...........cccoourereirumreenriireeennineeens 49
Figure 25. Boiling Water Reactor Graphical DEPICHION..........c..uuiiiiiie e e e e e e e e e e e e e e e e e e 50
Figure 26. Pressurized Water Reactor Graphical DEPICHION .........cciiiiiiiiiiiiiiie e e e e 51
Figure 27. Evolution of Nuclear Reactor GENEIAtiONS. ..........cc.uiiiiiiie e e e e st e e e e e e s st rre e e e e e e snbareereaaeees 54
Figure 28. Nuclear Electricity Production and Share of Total Electricity Production..............cccccceieiiiiiiiiiiieneneeene 60
Figure 29. Global Primary Energy Demand Growth, 1980-2030 .........cccuuuiiiiiieaaiiiiiiiieee e e et ree e e e e ereeeeeaa e 61
Figure 30. Global Construction Cost Component ESCAIAtION ..........c..eiiiiiiiiiiiiiiii e 74
Figure 31. Electric Power Project Construction Cost ESCalation............c.c.uvviiiieiiiiiiiiiiiicce e e e 75
Figure 32. Cost Index Variation by EPC CONtraCt TYPE....c.iiieiiiiiii et s s s sttt e e e e e s s s st e e e e e e e s snnnanneeeeeeeee s 77
Figure 33. Global New Reactor Market Estimates, 2008-2030..........c.cccciurrirrieeeiiiiiinrereeeeeessssrnrrereeeeessssnannreseeesaes 78
Figure 34. U.S. Nuclear Reactor Capacity FACIOr AVEIAQES. ... .cuuiiaaaiiiiiiiiieaia e ettt e e e e e s e aibereee e e e e s s aaibeeeeeaaaeeeas 81
Figure 35. U.S. Nuclear Reactor Refueling Outage DUration AVEIAgES .......cccceeiiiiuuiiiieiiaaaaeiiiieeee e e e e e eeieeeeeeaa e 82
Figure 36. U.S. Nuclear Plant Safety-Related License EVENt REPOIS .......coouviiiiiiiiiiiiiiiee it 82
Figure 37. U.S. Electricity Production Costs, 1995-2007 .........c.uuuiiiieeeiiiiiieieeeeeessssesiereeeeeeesssnssssneereesssssnssnseeseeeeans 83
Figure 38. Comparison of All-In Electricity Generating Costs in Finland ............ccocciiiiiii e 84
Figure 39. Base and High Case Global Reactor Operating Costs, 2008-2030..........ccceeeeeeiiiiiiiirieeeeeenissiiinneereeeeeens 85
Figure 40. Global Reactor Operating Costs by TYpe, 2008-2030 ......cceiiuuuiiiiiiaaaie ittt e e et e e e e eareeeeaae e 86
Figure 41. Global Operating Reactor Capital Expenditures, 2008-2030.........ccouiiuriiiiiiiaeaiiiiiiiieee e e eieeeeeea e 86
Figure 42. Back-End Fuel Cycle Market SUMMEIY ...........oiiiiiiiiiiiiiie ettt sene e snnneee s 88
Figure 43. Worldwide Reprocessing Throughput, 2008-2030..........ccciiiiuiiiireieeeiiiiiieieeeree s s s snrrrerereee s s s snnneeeeeeeeens 98
Figure 44. Worldwide Reprocessing Market Size, 2008-2030 ........ccciiiiurririieieeeieiiiiereeeeeessssnnrnrreeeeeesesnnsnreeeeeeesnn 98
Figure 45. Untreated Used Fuel Discharge, 2008-2030 ..........cuiiiiieiiiiiiiiiieieeeeeeiiinsreeeeeessssnrssesseeesssssnrsnseseaseens 100
Figure 46. Overall Dry Cask Storage Market Size, 2008-2030 .......ccoiiuuriiieiiaaaiiiiiiieee e e e e e e e e erareeeea e e 103
Figure 47. Graphical Depiction of Deep GeologiCal REPOSIIONY .........coiuuiiiiiiiiaie it 104
Figure 48. Posiva’'s RePOSILOrY SCREAUIE. ..........oiiiiii e e e e e 105
Figure 49. Geologic Disposal Annual Market Size, 2008-2030..........ccccuriririeeeieiiiiirer e e e s e s serrrrrr e e e e e s snnrrreereeeeeen 108
Figure 50. Basic Stages of Radioactive Waste ManagemeNnt...........cocccuiiiiiieeeiiiiiiiieee e e e e s s seieteeee e e e s e s s nnnnneeee e e 110
Figure 51. Estimated Market Size of Radioactive Waste Management............occcviiieieieeeiiiiiiiiieee e seeiirneeeee e 114
Figure 52. Market Size of Radioactive Waste Management By ReQION..........oooiuiiiiiiiiiiiiiiiee e 115
Figure 53. Decommissioning & Decontamination ProjeCt FIOW ...........cccuuiiiiiiiiiiiiiiiie e 118
Figure 54. Decommissioning Market Sizes by Country, 2008-2030 ..........ccoiruriieiiiiiieeiiiiee e 122
Figure 55. Decommissioning Annual Costs by Project Type, 2008-2030.........ccccuuumirieeeeiiiiiiiieieee e e e s sninieeeeeee e 123
Figure 56. Decommissioning Annual Costs by Country, 2008-2030...........ceuteieiiiiiiiiierreeeesiiirnierereeeeesnnrrneeeeeeenns 123
Figure 57. Nuclear Industry Sector Inter-RelationShips ........ccuvveeiiiii e 128
Figure 58. Global Nuclear Market SiZ€ OVEIVIEW ..........coiii ittt e et e e e e e e st e e e e e e enabeaeeeeaaeeeas 129
Figure 59. Global Nuclear Market Size Percentages, 2008-2030............uuuiiiiaaaiiiiiiiiieaa e aireieee e e e e e enreeeeeea e 130
Figure 60. Global Nuclear Market Size Details, 2008-2030 .......ccueeiiiiiiiiiiiieieeeieiiiiieree e e e s s ssirereeree e e e s snnrreeeeeeeeees 131
Figure 61. New Reactor Startups and Total MWe Added, 2009-2020..........cccoiiirrimriieeeeeiiiiieeereeee e s sssenreeereeeeeans 139
Figure 62. Primary Uranium ProducCtion SNArES..........c.iciiiiiiiiiiiiie sttt e e e s s s site e e e e e s e s snrnae e e e e e e s e sntnaneneaeeees 154
Figure 63. Total Uranium SUPPIY SNAIES .......ccoi ittt e e e e e s e et aa e e e e s e e snrnaeeeeaeeeeas 154
Figure 64. Primary Conversion CapaCity SNAIES .......ccuiii ittt et e e e e e s sib e e e e e e e e snabaaeeeeaaeeeas 155
Figure 65. Total UFg SUPPIY SNAIES.... ...ttt e e e e e e bbb et e e e e e e e e nnabeeeae e e s 155
Figure 66. Primary Enrichment Capacity SNAIES .........cocuuiiiiiiiiiie et 156
Figure 67. Total SWU SUPPIY SNAIES ......oviiiiieii e e e e s e e e e e e e e s s s nn e ee e e e e snrnaeeeeaeeees 156
Figure 68. UO, PoOwWder CapacCity SNAIES.........ccciiiiuiiiiiiie et s st e e e e e e st e e e e e e e s st e e e e e e e e snnnrnneeeeeeeeean 157
Figure 69. UO, Pellet CapPACIty SNAIES .....uuuuiiiieiiiiiiiiiii ettt e e s e e e e e e e s s e et e e e e s sa st r e e e e e e e e e sanntnaaeeeaeeaaas 157
4 © 2009 UxC



Nuclear Industry Value Chain - Mar 2009 List of Tables

Figure 70. UO, Fuel ASsembly Capacity SNArES..........cooiiiiiii ittt 157
Figure 71. U.S./Mexico/Taiwan Fabrication Market Shares...........ccccceeioiiciiiiiiiie s 158
Figure 72. Japan Fabrication Market SNArES .........ccoiccuiiiiiiiee e r e e e e e s e e e e e e s aanreneeees 158
Figure 73. Western Europe Fabrication Market SNArES ...........ooccviiiiiie e e e e 158
Figure 74. Eastern Europe Fabrication Market SHares ... 158
Figure 75. Global Reprocessing Capacity SHAreS...........ueeiiiii it sanbeeeeeas 159
Figure 76. Total MOX Fabrication SUPPIY SNAIES.........coi ittt e sbreeeeaae 159
Figure 77. New Reactor Vendor Market Shares, 2009-2020 ..........ceuieeeiiiiiiiiiiieieeeisiiiiieeeeee e s s s sssrererreeeessssnnseeeeees 160

List of Tables

Table 1. UxC Global Nuclear Fuel Market Forecast, 2009-2030 .........c.uuuiiiiiiiiiiiiieiee et a e e e e e e 9
Table 2. World Conversion Capacity vs. 2008 & 2009 ProdUCHION. .........uueiiriiieiieiiiiiee et et e e 21
Table 3. Current Worldwide LWR Fuel Fabrication CapaCity .........c..eeeiiuriiieiiiiiie ittt 39
Table 4. UxC Fabrication Price Forecast, 2008-2020 ..........cccuuttiiiuiiieiiiiiieeiiiieeessiieeeessieeeessseeeeesnssseeessseeessnnnseees 44
Table 5. UxC Fabrication Market Size Forecast, 2008-2030 .........cuutueiiuiiieiiiieeeeiiieeeesnieeeeesnereeesssseeessnsseesssssseees 44
Table 6. Global Nuclear Power 2008 vs. 2015, 2020, and 2030........cccoiuitieiiiiireniiieeeesieeeeesnieeeeesssseesssseeeessnneeees 48
Table 7. World Reactor & Nuclear Capacity Forecast, 2008-2020 ............cuuiiiiiiiiiiiiiiieiee e e e e e sreeeeeaa e 49
Table 8. Global Reactor TeChnology BreakdOWN ..........ouuiiiiiiiiiie et 50
Table 9. U.S. Reactor Design CertifiCation STALUS. ..........uueii it e e 56
Table 10. Reactor Designs analyzed in UXC NRTA REPOI ......uuiiiiie ittt e e e s e e e e e s nnnnre e e e e e e s 58
Table 11. Westinghouse OWNErShip SITUCIUIE ..........uviiiiiie e s e e e e e e s st e e e e e e e sanrrreeeeaaeeeas 66
Table 12. Key Nuclear Reactor SUPPIY COMPANIES .....cciieeiiiiiiiiiiieeeeeieiiiiiiee e e e e s e s sittareeeeeeessssatsreseeaaeessssstraeeeeaaeses 67
Table 13. Nuclear Power Plant Construction COMPANIES .........uueiiiiiiaiiiiiiiiiieia e e e e itieeeee e e e e s s snberreeeaaesessnbeaeeeaaaaaaas 67
Table 14. Ranking of Top Ten “Reasons fOor NUCIEAr POWET” ...........uii ittt 70
Table 15. Ranking of Top Ten Challenges to NUCIEAIr POWET ...........eiiiiiiiiieiiiiie et 71
Table 16. Recent NUCIEar REACION CONITACTES ........iuuiiiiiiiiiee ittt ettt e e et ee s s bt e e s snbee e e e sbe e e e snneeeesnnneeaess 73
Table 17. FPL Turkey Point Cost Estimates for 2 APLO00OS.........uuiiiiiiiiiiiiiiieeee e e e s st e e e e e s s sterrree e e e e s s ssrraeeeeaaeeean 74
Table 18. Average Reactor Operating CoSt Profil@ ..........ccoiiiiiiiiiiic e e 79
Table 19. Current World ReproCeSSIiNg CaPACILY .......eeeeiieaeiiiiiiiiieiie e ettt e e e e e e st e e e e e e e abebeeeeaaaeasnnbeaeeeeaaeaaas 93
Table 20. Used Fuel Final Repository Status DY COUNTIY .........uiiiiiiiie e 107
Table 21. Countries in UXC Radioactive Waste REGIONS ..........uiiiiiiiiiiiiiiie ettt 115
Table 22. Forward Decommissioning Option Selections BY COUNLIY ........cciiiiiiiiiciiiiieee e 124
Table 23. Unit DECOMMISSIONING COSES....uuuiiiiiiiiiiiiiiieiee e e e e iesire e e e e e e s s e e e e eeeesssraataeareeaeessasasbaaeeeesssantrrrereaaaeans 125
Table 24. Decommissioning Profile for DECON.........cuiiiii et s e e e e e s s e s e e e e e e ennrrarereaaeeeas 125
Table 25. Decommissioning Profile fOr SAFSTOR.......ccoi et e e e e e e e e e e e e e as 125
Table 26. Global Nuclear Market Size Growth VS. 2008 ...........ceiiiiiiiiiiiiiiieiie e e e e s e e e e e s s snrrrreeaaeeees 130
Table 27. Global Nuclear Market Sector Sizes, 2008-2030 ..........ceiieiiiiieeiiiiiee e e e e eeerar e e e e e ees e eeeeseeeraas 131
Table 28. Reactor Units & Nuclear Capacities Anticipated by Country by 2030........ccceeeriiiiiiiiiieeeeeiesccirieeeeeeeen 134
Table 29. Worldwide Reactors Under or Near Construction by Year, 2008-2020 ..........cccoovviiviiiereeeeeiiiiirireeneeeen 136
Table 30. UXC Nuclear Power Plant EqQUIpMent SUPPHEIS LiSt........c.ooiiiiiiiiiiieie et 140
Table 31. Major Nuclear Component Suppliers & their Capabilities ... 144
Table 32. Nuclear Industry Alliances & Partnerships .........ooouiiiiiiiii e 145
Table 33. Uranium Market SNAIES........cc.uuuiiiiiie ittt e e e e st e e e e e e e s st eeeaaeeesaasntaeeeeeeessnnssbeeeeaaeeens 154
Table 34. CoNVErsion Market SNAIES .........coiiiiiiie et s et e et be e e s snbe e e e e nneeas 155
Table 35. ENrichment Market SNArES .........ooo ittt s s et e e e s st e e s b b e e e e nbee e e e nnees 156
Table 36. Fabrication Market SNAIES .........ooiiiiiiiii e s s s e st e e s e nbee e e s aneees 157
Table 37. Reprocessing Market SNAIES .........cooi i e e e e e e e e e e s s bbb e e eaaaaeeas 159
Table 38. MOX Fabrication Market SNArES .........cc.uuuiiiiiiiiii e a e e e e e e e e s s e eeaeeeeas 159
Table 39. New Reactor Vendor Shares, 2009-2020 .......ccooeeiieeiuiieieeeieeeiiiee e e e e e eeesteseseeeseeeaabaeseesseesasanseeseeeseesrees 160

© 2009 UxC 5



1 — Introduction & Overview Nuclear Industry Value Chain - Mar 2009

1 — Introduction & Overview

The Ux Consulting Company (UxC) has prepared this special report to provide an
overview of each of the market sectors within the nuclear industry value chain, in-
cluding the front-end fuel markets, the overall nuclear reactor sector, as well as the
back-end of the fuel cycle.

The nuclear industry has come out of an era of slow decline and is seeing a rebirth in
many parts of the world. There are numerous reasons for the growth of nuclear
power, including a world hungry for all forms of energy, increased concerns over the
greenhouse gas emissions from fossil fuels, as well as a desire by countries to diver-
sify their energy portfolios in the name of “energy security.” Now is the time to as-
sess the prospects and future course of each of the sectors in this growing industry.

Purpose of Report

This report’s primary objective is to provide comprehensive analyses of each of the
sectors that make up the global nuclear industry. As the title makes clear, the point
here is to understand the current status and future prospects (through 2030) within
this “nuclear industry value chain,” so as to support future decisions by investors, po-
tential new entrants, and current participants in the global nuclear marketplace.

While we have attempted to follow a relatively standard format in describing each
market sector, it is important to understand that each market is quite unique and re-
quires special attention to the characteristics that define it. As this is truly only an
overview report, it can obviously not do every market sector justice in describing all
the defining characteristics. However, our aim in this report is to provide a relatively
deep analysis and context to allow for a thorough understanding of the current and fu-
ture prospects of each market sector.

Although this report is intended as an introduction to the global nuclear marketplace,
it assumes a reasonable level of knowledge of nuclear-related technologies as well as
familiarity with the history of the nuclear industry and developments in the nuclear

fuel cycle since the inception of the peaceful use of the atom in the 1950s. If further
explanation of anything in this report or related topics is required, UXC’s team of ex-
perts is available for specialized consultations. In addition, UXC publishes many de-
tailed reports on the various nuclear market sectors, which are available for purchase.

Structure of Report

This report includes separate chapters for the different market sectors in the nuclear
industry. The report proceeds along the following basic format:

Chapter 2 — Front-End Market Overview provides a broad overview of the nuclear
fuel cycle front-end markets with some initial market size forecasts for the entire
front-end of the fuel cycle (i.e. uranium mining through fuel fabrication).
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Chapter 3 — Uranium Mining & Milling offers a detailed review of the uranium
mining and milling market as it relates to the supply of uranium ore concentrate
(U3Og or “yellowcake”).

Chapter 4 — Uranium Conversion covers the uranium conversion market (the
chemical process of converting UsOg to uranium hexafluoride or UFg).

Chapter 5 — Uranium Enrichment reviews and analyzes the current and future
prospects of the uranium enrichment market (the service of separative work units or
SWU for enriching natural uranium to low enriched levels necessary for light water
reactor fuel).

In Chapter 6 — Nuclear Fuel Fabrication, we provide a discussion of the fuel fabri-
cation market (the manufacture of completed nuclear fuel assemblies), including both
fresh uranium fuel as well as mixed oxide (MOX) fuel from reprocessed plutonium.

As an overview of the nuclear reactor markets, we introduce this sector by first pro-
viding our latest UXC proprietary nuclear power forecasts and related general topics
in Chapter 7 — Nuclear Reactor Market Overview.

Chapter 8 — Nuclear Reactor Construction covers the current and expected future
status of the nuclear construction market with a focus on reactor vendors and the
global supply chain.

In Chapter 9 — Nuclear Reactor Operations and Services, we discuss the market
for services and maintenance supplies to the current and expected future operating
nuclear reactor fleet around the world.

Chapter 10 — Back-End Market Overview provides an overview of the various nu-
clear fuel cycle back-end or waste markets.

Chapter 11 — Used Fuel Treatment, Storage & Disposal reviews and analyzes the
market for used or “spent” fuel reprocessing, storage, and disposal. This chapter has
separate sections focused on each of these three used fuel areas: treat-
ment/reprocessing, storage, and disposal.

Chapter 12 — Radioactive Waste Management & Disposal offers our perspectives
on the radioactive waste markets as focused on low-level and intermediate-level ra-
dioactive wastes (LLW and ILW).

Chapter 13 — Decommissioning & Decontamination covers the various aspects of
the market for decommissioning and decontamination (D&D) of commercial/civilian
nuclear facilities, which is often considered the final step in the nuclear value chain.

Ultimately, in Chapter 14 — Summary & Conclusions we provide a few concluding
thoughts on the overall nuclear industry value chain and future market prospects.

A number of additional useful items related to the various sectors and broader nuclear
industry are found in the attached Glossary and Appendices at the end of the report.
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