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_ THE GLOBAL NUCLEAR FUEL MARKET

* The USEC Privatisation Act set annual quotas for the entry of the uranium component

into the US irnarket. Table 4.14 shows the delivery stceadule and US market quotas for

the balance of the HEU agreement.

Table 4.14: Delivery scheduleforRussian HEU

4

ii

I
I

0

I
i
I

Delivery schedule Maximum For use ex-US
to USEC deliveries to or return to

US market Russia

t HEU tU equlv. tU equlv. tU equiv.

2003 30 9000 4615 4385
2004 30 :9000 5385 .3615
2005 30 .9000 6154 2846
2006 - 30 9000 6540 2460
2007 30 9000 . 6920 2080
2008 30 9000 7310 1690
2009 30 9000 7690' 1310
2010 30 9000 7690 1310
2011 30: o 9000 7690 . 1310
2012 30 9000 7690 1310

: 2013 - 20 6000 6000 0
. 320 96000 73684 22316

tA. major question concerns what is to happen after the deal runs out in 2013. Iii vcea

that Russia by then wil still have a lot ofremaining HEU. The politicalpe h t.o..

*J * , :,*.: .&reduce weapons stocks may remain but it may not be economically so attractive for berg :-'-.A.v : ..-,;::.:

. -. Russia to enter into a second del. With the build-up of oil and gas export, Russia ¾f

o neeth ign revenues so badly, while the fissile vmatEi b

-. fuel the domestic and captive Russian reactor programre by this time. Thi'i .

particularly likely to be the case if Russian uranium production cannot be increased

from the current level of around 3 000 tU per annum -.. : . , . * .

*. 433 ExMilitary Plutonium in US and Russia -: .
.., : : A, ., ,* . . ,, - . **............

Both the United States and the mer Soviet Union produced sutantial quantities ofs

mi;itary plutonum for use in mltary warheads. In the United States, 103.4 tonnes . . -
3- -

, I : , ..- .. , my i- i-... 10

; .e1080 ..
0 .The Wofid NucIea r A 'sso c ia t io n 2003...
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4. NUCLEAR FUEL SUPPLY

were produced in 14 reactors while in the former Soviet Union, 177 tonnes were

produced in 13 reactors.

Both the United States and Russia have declared 34 tonnes of military plutonium as
surplus to requirements and have reached a framework agreement on the disposition
of this as mixed oxide fuel (MOX). This is another kind of fuel which can be
introduced in a nuclear reactor (so named because of the joint use of plutonium and
uranium dioxides).

For this purpose, MOX fabrication plants are planned in both the USA and Russia,

each with a capacity of 2 tonnes Pu per annum. In MOX fuel, this may displace a

combined 840 tU per annum or a total of 14 300 tU over the life of the programme.

Many issues need still to be clarified with the financing of the Russian plant,

including the G8 country group financing of it and the possibility of burning some

Russian MOX outside Russia. The magnitude of the total cost will depend on the

reactors in which the MOX will be burned. The US MOX fuel will all be burned in

US reactors, initially in those owned by Eke Power.J. ..

114

-I
]
I
4...

The earliest of these two MOX plants could come into operation is 2008 but delays

are likely. The market impact, nevertheless, will clearly be relatively minor when

compared with the HEU deal.

4.3.4 Recycling of MVaterials from Reprocessing*- . . . . .,

Nuclear fuel elements, after having been used in a reactor, are discharged and cooled
down for some time in a pool. Such spent nuclear fuel can then be reprocessed in
order to extract the remaining uranium it is containing, and the plutonium that has
been generated during irradiation of the fuel in the reactor.,

N1 .,

I�.*

1.... �.

The recovered uranium, called reprocessed uranium (RepU), is re-enriched in order to
serve as a basis for manufacturing new nuclear fuel elements usable in reactors. The
re-enrichment is achieved by the mean of centrifuge or blending technologies. Some
studies have also been initiated in order to use RepU directly in fuel elements for
CANDU reactors, without enrichment or withjust a slight enrichment.

* -.. . . . .

, ~., .... . -. . ."...

- i; 4 ,. ,* ............... a ,
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THE GLOBAU NUCLEAR FUELUMARKET

Thc extracted plutonium (Pu) is introduced as the primary fissile component in MOX
fuel, just as ex-military plutonium (above, which containssplutonium of a different
isotopic composition). Nuclear fuel manufactured on the basis of RepU andplutonium
allows the production of electricity'with the use of less or even no natural uranium.
We can therefore consider that by recycling RepU.and plutonium, nuclear power
utilities are satisfying some of their usual natural uranium requirements - it is an
alternative source of supply for a given reactor. Conversion and enrichment services

fu * are also substituted by this alternative source of supply.

Recycling of reprocessed materials takes place both in Western countries and in
Russia. In the West, it is progressively becoming a commercial operation which .
replaces some amounts of natural uranium and SWUs, but in Russia it is still a state-
directed operation which is integral to the whole fuel cycle there. It therefore makes
sense to examine the picture separately.

43.4.1 Western Civil Recycling

The quantities of natural uranium and enrichment services likelyto be saved betweenI 2003 and 2025 by the use of RepU and MOX from the commercial nuclear fuel cycle (
can be evaluated. These can be expressed as equivalent quantities of natural uranium
.(in tonnes per year of use) and as equivalent quantities of enrichment services (in '

r.- TV } . Z .6, ~thousands'SNVUper year). ;.* ;,,.t..

.Suin-ary Tables 4.15 and 4.16 show the quantities declared by utilities td W a,
through the questionnaire, with more detailed data included in the Appendix. They . .

can be considered as their best estimate at the present time. In order to cailculate the - >;
saved quantities of enrichment services, the following ratios have beenused.

It Pu is equivalent to I Ot NatU and 155 000 SWU (Light WatertR

lt RepU is equivalent to 1.08t NatU and 60SWU. . 2 ''

In addition, an estimate has been made in the Tables of an-upper scenario for theuse.
of MOX which is based on the fill utilisation of expected MOX fuel fabrication '- '
capacity. - e

t , , ~~~. . . .. . . . .:;i . -1

, , ; :: <':: :. . .:- OTiie;Wofld Nuclear Association 2003 : .;;.' f SLES-02378

*&



4. NUCLEAR FUEL SUPPLY .x *

. .

Table 4.15: Savings of natural uranium through the usage ofRepUandPu

1 n (all quantities expressed in tonnes of equivalent quantities of natural uranium)
e ~j~s -. _ _ _ _ _ _ _ _ _ _ _ _.

Use of RepU Use of Pu (MOX) Total MOX fuel fabricationI . .capacity (upper case for Pu)
2003 769 1422 2191 1368I 2004 1003 1368 2371 1620

.2005 1264 1556 2820 1764
2006 1230 1556 2786 2160

29 . 2007 675 . 1406 2081 21601 2008 558 1386 1945 2160
.2009 947 1514 2461 2426

i 2010 947 1441 2388 2808
2015 804 1528 2264 . 3722
2020 804 830 1634 3096.
2025 804 830 1634 3096

Il,^
I..-

Table 4.16: Savings of enrichmentservices through the usage ofRepUandPu
(all quantifies expressed in thousands of SWU) , .* ' : *

; Use of RepU Use of Pu (MOX) Total MOX fuel fabrication
capacity (upper case for Pu)

2003 43 909 951 . . ... 874.
2004 56 874 930 . 1035
2005 70 . 994 ' 1064 1127

* .2006 . 68 994 .1063 .. 1380
'2007. 38 898 936 . .. 1380
2008 . 31 886 ' 917 . 1380

wi;.<-_>r.-: . . 2009 .: 53 967 -1020. - - . 1550
- 2010 53 921 . 973. 1794

,h ;;j ...... 2015 . 45 . .933 -:97. .:. .97. '2378 -
2020 545 30 575 1978
2025:.; *45 .530 575 : 1978

'1 ;t..'',. ' * .. . .. ..

Quantities of reprocessed spentfuel

Reproces'sing of the spent fuel is the first necessary step for obtaining RepU and
|: a "plutonium. The major reprocessing plants are in France and in the UK A further plant

is under construction in Japan. China and India also have some reprocessing capacity,

'but their production is not covered here, as they can be regarded (at least for now) as
-j g I.; . self-sufficient markets. . ' -.. ..

4 …;* E2->,i: ¢ . .diP" *:; * X .

7* Q©TheWofld NUctdCA oati6on 2003

_ sLES-02379

I

I I,-



1. I - . . I - - 7 .. - I -_ . . ; - . - . .- - - . - I . - .-- I I - Z - - I - . . _ . . - I
-. � ...- . . - � I , _: - - . I - . . .. . - - - . .. .1 , .. I I . - ., . . . . I . -W

- - -- . � - - , : ... . . .. . _ ... 1. .... , - I. . . I

. . - . . I . . . . . WI- . .- _. . - _. . - . . - .1 .- ...... - - _- Is

144.

* . . . Tblo VII. Stipplylmcmnnd Tht2 or Cases in Chupte'r S

Gas eid, me, am In - It,? Ino 5wai me Msi Mt.i Htil lii telt mel "iIT mei OM i1 sell iWrI sn lUG so

de 5~:l~ss. - 91 I"a ?at, ttit 1iii1 M' toll aa: lte ISM 111.1 11 91141 nla lis I511 bass 11t iii 511 .i* ni law rse 21,31 I
*i..a. 11adds it, It"las St"a gil 41 Sti " SRld %241 1141 ST"a % naaa6

Sed,. * Sea1 5114 . 004 a S11 itt lin CJ li it d. S. ea, a. is ea a, ese at n ae a.

*A , .? a'S" . . S. -

0 .. Jb.Stiorla it n tide, 11143 SIt, Stli "Ma an.e aIS Sii Will al ial .Saide aide Mae aSde Mdis li, Made sead slid Mae S5Id

G** . . tt ts .Ii s, 78 a1i Cill lit, lasS @149 liii M=d Isei 15W3 11144 iSaed hide gait, ONOa fl~l. 8l0al gifts '1011 li

so"i . i L n.lg v's son' I - tlt, n less , ii 5111 sill s I a Cal iii lisi 10

C'i 4 p.Ca tot ~ salt,-, ism as , ala aat aim sas OMit an`s an 'OM -alt ."aWln l,.-el l~ *M OMU.,. M"M"laa M" sg~a Ca *M-st
l5p*d1H,~ at ssm - alall Ideal lirin inn. his eam sit. 555P UC5 Ull Rode nl sit aii Vlahll 1111ot 1" H i a . Hlin lilt tot4 Mn

- lsIa .. st ltm alit 5ism Slite I'"5 "saI alae alas alase . i"l IRIS "so 7141 lt 1114 MIn Mit, sala Sea a Sll LpH7 IlN Wao

M Is -- ta, S_1,1 M SM V12 M o" 917 5711 n.r -Gg inn Sli, 11

; ' I

a'

1..

� 4.

*4i��r�

.

I
a

S4

4

I :

.1.~

radteg

is ls.9at

1 * 1 4 l e , ,l * 1 1 1 ll a e ti s l u l a .. - isa 1 *11 . g lit lil T. '.d 1 5 8 l l a il ., g DI V II IIS z t 1151 sma lil I l
I- . list trill itr Na han It, I4S ' ril It.i rw l ian @S 41 ' i P a "Mte laid Isa isa. ie . $10i It s a

I l s e ,l l a id a l * M a i aN a al. . 1  'v a a0 e a a i a . 5 a I
ia '. si n, sit, s Ws lit, osat, g al N" btat, na I t 6 8 .5 .

. 0 . §, 1 " @ . a .' .5 4 1 ds. inw Wa e a ' *t ot at a e" t t
ill X tis "e ' al Ca a i n1 d C41I $IIn *fire 4141 - Cel 11411 Oslo $lt Stile top tS t in n t t S el s"l t tal t S

:h~ -ll .lS .5a ~i lt st it i, in-ali ne it~-l~i 110 111 ClI 4f at at E dl at d

- .. .. .2_;,

. . I
r .

B a u d .. i .m4l

15 5 t~ a l t~ l s . M l B Ill 0 ,14 . g as ,
l i a u i2ti d . C l 51151 o r -, l- S t

Rsloil .? l elale Da tea s ai

, t - ~ l l ea ml i i ld M ass M "h a

i ~ J l s l i s " Id i 7 lii 31 1t h i jd

almk3d a 1 Hdal .1s" AsW

W1 s a fs -G L" *51ss sait. oad 7
a55 1 C ~ 1 1 Is l s l a 5 5

L. n" $o.tl

fIt. is t e -,N ltr Mo 1 1 1 tis 114 l i "le * l l "toi * w e 9 " Smt Slat 11 Nt 1
INS Osil te . s.1as ?. % t 15n6. 1 1 tV. tintc lesa s s In a ta aSta ^ sliate oval intl edit, m m . C l

?tit nru n 4 M S "M ltls n n ane nail it 7 t 1nti7t r aI a * l l 1 41 1441, ".I ant, as ali aSiton nne its.
st , 1 4 n n Vaal lis a t rlt Z s s it arm lan aie sIts sil . l I' a lotun lat n . food Ilaal S.

atA 4 lltt, 41110 4 in 4ls *t_ O ial tIn *it andi, SING 1 1 ililit *Pt ilsi C, t,i S
11 taiel Madl Sioi lit l , lit, Sed, .$a add L. 0 46 '%W SUN SU : 064 i s" 6141 -

s ." a t . .ilt a N A lin asia li t to" a s a " ta t SoC..e. .51. . 11I

SC" 441W N Mli S M~i liids inso as" IM14 M11 M I S 11 S11 4 *1 4 4 NS14 ' 1 1

1110 ilS ncl - 11 tsa fil la it t il lil Salt @ * - 161 S¢ s at na na ti sis li

Ct a " DM te i INS f alt . S S. - nrt d di i - a

"a t t . i t , l i 1 1 * 8 N O1 S " W M ao ffO- 4 a C a CN ll S" tt in Gil l O" S " i 5 t i i S"

la d t , W m il lid 5144 li ,. 1 -z a"t 5u i4e ^ " t ~ t s an ae - a -5 - 4 *t- et .

gi 5 O m l W I 14, Ina s n e ir 5144 Ci i4t It, nt 1 Man Soon MIt it, 514

4ill. an" st: . .mI iilil M l Tie . .aft Mt" and .e101 d14 1 411 " to m l lii M" so's S" drl

n1) ai ate sl at, m tn alt, 911 *11 51. 511 5dea 14| ind ina .- i ina .54 O .e a

'T.Ll ~ r 4 (M -- D.-



lI

L 0



�� I,! IPP4 �,, I '- " ';j P� :;" I .,-I' : I " -1, ,

3. NUCLEAR FUEL DEMAND

Enrichment requirements
me A,.ur..i

There is a fundamental link between enriched uranium and natural uranium (feed)

requirements, although the relationship is not simply linear.'A number bf factors have

the potential to significantly affect the demand for enrichment. Apart from nuclear

generating capacity, these include enrichment assays, load factors, burnups,*cycle

lengths and tails assays. As discussed in Section 3.2, the impact of mostof.these

factors produces a change in uranium anid enrichmnent requirements in the same

direction (i.e. both increase or both decrease). Ho.Wever, for changes in tails assay the.

opposite is. true: an increase in the tails assay lowers the requirements for enrichnient,

but increases uranium requirements,: and vice versa.

Enriched uranium, or SWUj requirements* are considered over the forecast period'

under the three scenarios for nuclear generating capabity outlined in ( .hapter 2;.

Assumptions are made about changes in enrichment levels, in accordance with data

obtained from the questionnaire and other sources. Average levels are expected to rise

slightly over the report period. Contract tails assays ate assumed to iermain it present'

levels of 0.30-0.33% throughout, except for WER arid RBMK reactors which have

thei~r'fuelsupplied from Russia, for which tails are takento be 0.10%. The resulting

forecast of annual SWU requirements to 2025 is presented in Table 3.4.

Under the reference scenario,'SWU requirements maintain a slow increase over most

of the report period. Requirements reach'5 millibn SWU in 202S, compared with 38-

* ' million SVM in 2002. In the lower scenario-requirements grow only slightly, reaching

a high of about 42 million SWU in 2015, before beginning to fall off through the

remainder of the report period. This reflects declining requirements inNorth America

and Europe, only partially offset by growth in Asia. By 2025, requirements under the

lower scenario have fallen to 36 million SWU,-representing a reduition of 6% from

2002. In the upper scenario, requirements rise throughout the forecast period, reaching

64 million'SWU by 2020, two thirds above the 2002 level.

SWU requirements by region for each of the three scenarios are shown in Figures 3.5

to 3.7.

*73
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