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THE GLOBAL NUCLEAR FUEL MARKET
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The USEC Privatisation Act sct'annual quot.as fc.)r'the entry of the uranium comporicrit
into the US market Table 4. 14 shows the dehvcry schedu]e and US market quotas for
the balance of thc HEU agrccmcnt el

-

Table 4.14: Delivery schedule for Russian HEU

Delivery schedule _ Maximum  For use ex-US

to USEC ~_ deliveries to or return to

US market Russia

t HEU tU equiv. tU equiv. 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
f 2010 30 9000 - " 7690 1310
5 2011, 30 9000 . - 7890 . 1310
P 2012 30 ° 9000 76390 1310
; 2013 -- 20 6000 " 6000 0
320 . 96000 73684 22316 -

PRI

th.at Russxa by then wxll still have alotof rernammg HEU, Thc polmcal push to
R tml!’-'. s
reduce v .weapons stocks S may rcmam buti 1t may not be econormcally so attracuvi: for
R;x'ssxa to'entcr mto a sccond dcal Wlth the buxld-up of oxl and gas cxports 'ﬁix's;gl

,!

r’:l

Toaie RN v

i _: to fuel the domcsnc and captwc Russxan reactor programme by thxs umc. Thls is R

; 'partmularly hkcly to bc the case if Russxan uramum productwn caimot bc mcrcascd

----- - .-.—q.,n.-.’:.\~
o I~,

R . .'-‘x'-.
d .

"'/'-t-'-n“ Y

“'.Both the I_Jmted Statcs and the foxm;:r Sov:et Umon produccd subgtanUa] quantmcs of

Ll N e ...‘---*" B

:mxhtary plutomum for usc m mxhtzuy warhcads In the Umtcd Statcs, 103 4 tonnes




0
W

N

ar

-

-
b o

0

1

o o
W

R -

m.
]

S
-

=L

0

T

ermreeidinseemm e

HH

Y

i

b

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 anci 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 US.A and Russia,
each with a éapacity 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 burﬁing some
Russi-an 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 Duke Power.

The earliest of these two MOX plants could come into operation is 2008 but délay§ AR

are likely. The market impact, nevertheless, will clearly be relatively minor when
compared with the HEU deal. - ' '

_ "4.3.4 Recycling of Materials from Réprocessing
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

5 _ order to extract the remaining uranium it is containirig, and the plutonium that has

been generated during irradiation of the fuel in the reactor.

The recovered uranium, called reprocessed d;anium (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 ccxjtﬁiﬁagc or blending technologies. Some
studies have also been initiated in order to 1i§.e._RepU dircctly in fuel elements for
CANDU reactors, without enrichment or ia{i't}}'just aslight enrichment. -

-

[
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.through thc qucsuonnaxre, thh more detailed data included in the Appcndlx Thci{
o canbc consxdcrcd as thcxr best wtmatc atthe prcsent nmc In ordcr to calculatc thc

THE GLOBAL NUGLEAR FUELMABKET

The extracted plutonium (Pu) is intfoduced as' the primary fissile component in MOX
fuel, just as ex-military plutonium (above, which contains plutonium of a different
isotopic composmon) Nucléar fuel manufactured on the basis of RepU and plutonmm
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
are also substituted by this alternative source of supply.

Recyclfng of reprocessed materials takes place both in Western countries and in )
Russia. In the West, it is progressively becoming a commercial operation which . T
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. St

4.3.4.1 Western Civil Recycling

€
. . . oy ¢
The quantities of natural uranium and enrichment services likely to be saved between

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 equxvalcnt quantities of enrichment scrvxccs (m e
' thousands SWU per year).

lt RepU is eqmva]cnt tol 08t NatU and 60 SWU o €

In addluon, an estimate has been madc inthe Tablcs of an upp'er sccnano for thc 1s¢ ; E
of MOX, which is based on the full utilisation of expected MOX fuel fabncahon : &
capacxty .. : R
':' .A.u.:. ) : &
L _ Co 3 €




PR ]

A EC R
l_x - s
E i - Table 4.16: Savings of enrichment services through the usage of RepU and Pu f
_l-- _. ' (all quantities expressed in thousands of SWU) \ R R AT I A ]
l Lo Use of RepU Use of Pu (MOX) Total MOX fuel fabrication - :
S R ) capaclty(upper case for Pu) ¢
_ I TR 2003 . 43 909 851 - , .. Ch = 874 .
A = 2004 56 : 874 " 930 L 1035
@_l 2005 70 . 994 7" 1084 LT 1127
: ='| '2006 - . 68 ' 994 -° 1083 : . .. 1380
w2l - 2007. . 38 _ 898 83 . - . i .1380
S 2008 - 31 886 - 917 - - T iU -0 1380
‘ .. 2009 ' .- .53 967 .. -1020.:; ° - rwr. . 1550 i
T 2010 . 53 s21 . 873 . - .. - 1794 .
' 52015.-3'-1-. Do - 45 . 833 uticalgrz Ui- el T 2878 : 1
1° 2020 " 45 530 5715 . 1978 i
W) 20257+ "7 - 45 530 ¥ §75: - %t . 1978° 1
1 ‘f-Quantmes of reprocessed spent fuel ‘
e ¥ e chroccssmo of the spcnt fuel isthefi rst ncccssary step for obtamma RepU and ]
o7 i
o : plutpmum. The major rcprogcssmg_ plgnts are in France and in the UK. A further plant ]
E‘!E. ¥ is under construction in Japan. China and India also have some reprocessing capacity, ‘

4. NUCLEAR FUELSUPPLY ;- &

€. . - B .
o= ) - Table 4.15: Savings of natural uranium through the usage of RepU and Pu

—

v

(all quantities expressed in tonnes of equivalent quantities of natural uranium)

ﬁ:ﬁ o . .
(] Use of RepU Use of Pu (MOX) Total . MOX fuel fabrication
l ] capacity (upper case for Pu)
e‘iﬁ 2003 - 769 1422 2191 _ © 1368
= 2004 1003 1368 2371 1620
--:IE 2005 - . 1264 1556 2820 - 1764 . i
ey 2006 1230 1556 2786 2160
-"l 2007 675 1406 - 2081 o 2160 .
2008 : 558 1386° 1945 - 2160 . ;
&Ii:’s 2009 947 1514 2461 e 2426 , ,
=3 2010 947 1441 2388 2808 ’ :
‘] 2015 804 1528 2264 . 3722 -
e S 2020 - 804 830 1634 ’ ' 3096. .
&]S 2025 804 830 . 1634 ’ 3096 - i

". “but their production is not covcred here, s t_hcy can be regarded (at Jeast for now) as

~sclf-sufﬁcxcntmarkets - ;' IR SIS L e




4
:
e
i

ol 'r"\
4&%

(2

)
9

: AJ !fi“!ﬂw

()

P R R
5

s e
'413'. 2

08€70-SA'1

2 {"estemanie Nutarerte * * P "0

fo  gws  yos  jok  jooe . joor  juos

ecycing Lygor, 5'- e

e mi E i) 0w o 114 I."I ”ll Foad E 1) ot ey s
Qs o «i me ™me ™t na me ™7 rar (1] L L] [ 1] -y “ie 008 (1 1] it
e (3] nn nn (Ll 9 14 [111) 9 L] " "e ”"ie ws? " L 1] [~ 1)
= nae g I 10308 toesr " nan wmn " "y une 3400 nres X ans m=oe
o LI T T} S0 Bt R $100 free SHE 10 41 410 G ST e
. e MK . N oaee 200 ™ ) $re8 L] - - ey L L “ e “e “se
(LI T wm' o R T IR TR 1) see [} ., [} ] . [ . [} ]
100 anse . 3000 . 20N Josh .. e D000 908 i D0 D0 oM, 0008 M4 300k DOOS 2060 D00h DM DN Dood
e s’ o [T W e, 3 s 34 S M e s B A b L)
0 ' ' " 0w e LT m Y] " " -~ " " - ar
e T nw he T I T R T L T I T R T T Y I [T T
R TTRNEE R T Wl ae e [ T I YT S YT R T T R T PR T I T T S 1o 0
W : . .
- v . P N I L . e,
fooa oy ool oo rawt o8 foes 7018 e Lot ge13 18 or? 910 L il oo o) L1
um Fi1-1} 0 "rs 2 asls e * ang 3 a0 srsas 1934 [ i ld 11 ‘sxue teeae
ITr3 - eeaed 108 2ne . SIS L] aare' L 1] -ire 8 nme mn reree 7"as bl d
wm . " "y 1M1 L] o nn , e nr (111 [~ " (1 2] [ 131 ] N
S AMHL CAUM TSUSE SN 1IN BhWe  SHM W DX a1 AT TN BINE MM T AN SI AT AITe
200 e 200 2400 Eil ) atee Deree e e e 44000 4100 At et Te00 400 ke ane “ne anr “mne
an Lo e ks L IR IS I [ } . ] . [} . . []
- H KA *e e, . g . . - .
et g " ames T one ¢ poe -t o soeh 2000 T oM ook ‘0o’ oK 260 T 2000 Dodd - D6KS D008 OONY  DOM Do Dede
N . L . LI ] . e . .
1O 10 t. M. I8 WMee SSher s NP . o AN Hee 1 LT " " " " 1] " w
m v we  use W oww - 8n un BN BN B 10 o w " " "
[3.2) rore T84 i) 109, 1 a9 __pees___ame anmp A ) AL Ome___0osg__ one__ Depe  fevy __ hees 0
. B e 1 AL He . Fex R T S I e e e e
mr e o on T R TR YT R T G B BN HI O 3 B DN M e
. . TN .o PR * . .
B0 oM a0 dee TH 0N, BNt Bl W [} ) [ [ » . [} ] »
10eee  ases " soie ‘s ) MG L) 0 . [] [ . . . . . ]
10 ] 10eee " (1] e E ] 1000 .IM * L] . L] e . [} L] .
P ) ] 1] [} ] 0 " Ell) . @ o4 o 490 40 .l“ oo L) "t "
um BOMS SOt SASE BMSE SN M1ew  Sun en SN MY AT 047 BT STYM Bl BTN BTRY  Stet
0158 n sk (121} (1]} [ 0] ore one [ 3] hll_. son st Stsse seee 000 (1) S8 10000
yoo8 1008 jear g c jo0s I 3N W1 Mol 016 C 2017 N8 creie 20 wmt Y yomd foed
[ 11} (Ll ] aan M4 sy T mes Ten b A1) ({11 [ _I1-] @l . s ([T 3 10y [ 20 “a ma sesle
@ e Tenir med nme Hre %N mn bl ] nne Tt [ L 1) [ 1)} 7 1843 ey e ne
-red Tisee T4 mn T84 e secdy [~ ] (L]} " 08 sTiee . Mg . 100082 10t T0I3I0 100000 Melied
Ml DAV (] 43008 M, am e nre 97“!' Srees ares are ITeed ahed Ao e nrese srees
lee oelve ANN0 CWEE  AB LI AN ANINE A 300 83600 Auee  Bee Ulsees  sfsee  4atee 1400 (2111 11 )
. v
i1} T I T N (YR T S 1 T U1 VR 11 N ™) [ ] L] ’ [] [] [} .
. . . .
$008 ou w00 T KM RN G e oone oM e 0t A BT eAs T ey Bl
081 soame nit Ha »n nua T Hrn 2 0t nn nn i) "y "y 043 b1 fect
1w 2090 Ed Lil] un 4158 " @ 4oct a“e e s 415 Qe e 200 " e
. . N
[ UM W XN, DN BH I BN e D | . [ . [] . .. ]
to0ss L N N . . ' . . n . v . ’
198040 Tose o, $i% L] e o0 19 L] * L] [ L] L] . ] . L ]
] LI ] BT S S TN [ " "~ [ " [ [ e "
. e 13121 el L. TIRAN G2 TN 132, ) -y . tam 4etyy A T 484y M i ] “aey Heer
ady =L “uns L 11 ] L] TN mae rae “ree [ ] «©ee wies "ea [ 111 « {1} “i (1] [ 21)

0 A T I I I

R —

e ®



. P oy

._..., \
..w.u.nm..«w e




3. NUCLEAR FUEL DEMAND

Enrichment requirements

)

Thereisa fundameutal link between enriched uranium and natural uranium (feed) .

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

the potential to significantly affect the demand for ennchment Apart from nuclear

. generating capacrty, these include enrichment assays, load factors bumups cycle

o _ : lengths and tails assays. As discussed in Section 3.2, ‘the impact of r most of: thesc ;

. . factors produces a change in uranium and enrichment: requrrements in the same '
du‘ectxon (i.c. both increase or both decrease) However, for changes in talls assay the -

) opposrte is true: an increase in the tails assay lowers the rcquu'ements for enrichment, -

but increases uranium requirements, and vice versa.

) _.Ennchcd uranium, or SWU requlrements are consrdered over the forecast penod
under the three scenarios for nuclear generatmg capacity outlined i in Chapter 2.
Assumpuons are made about changes in enrichment levels, in accorr_iance with data
obtained from the questionnaire and other sources. Average levels are exﬁecte& to rise _

" slightly over the report period. Contract taiis assays ate assumed to 'ren:mih.a"t present
levels of 0.3 0-0.33% throrfghout, except for VVER arid RBMK reactors 'wh.ich have
their fiiel supplied from Russia, for which tals are taken to be'iO..l 0%. The réZSulti.ng'

)

forecast of annual SWU requirements t0 2025 is presented in Table 3'.4.

Under the rcfcrence scenario, SWU requrrements mamtam a slow mcreasc over most

of the report penod  Requirements reach 51 mrllron SWUm 2025 comparcd wrth 38

‘million SWU in2002. In the lower & scenario requrrements grow only shghtly, reachmg -

a high of about 42 mrlllon SWU in 2015, beforc begmmng to fall off through the

remainder of the report period. This reflects declining requxrements in North ‘America

and Europe, only partially offset by growth ir:1 Asia. By :_ZQZS,requirements underthe -
lower scenario have fallen to 36 nﬁltion'SWU "reoresenting a reduction of 6% from  -. .
2002. In the upper scenano requrrements rise throughout the forecast period, reachmg

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

SWU requrrements by reglon for each of the three scenarios are shown in Flgures 3 5"
. to 3.7. ) '

g5
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Table 1V.4, Talls Assays, %

: Lower] Reference Upper]|
2002 2008 2010 2015 2020 2025) 2002 2008 2010 2018 2020 2025|2002 " 2005 2010 2018 2020 2023
[Argentine 020 020 020 020 020 020 020 020 020 020 02 020/ 020 020 020 020 020 020
Armenie 0.10 0.10 et oo .10 0.10 ot 00 010 010 010  .0.10] 010 010 .00 0.10 0.10 0.10)
Baiglum 0.2 o o2 ox o ox 02 ox ox o ox 0.%2 0.x2 ox 0x2 0.x2 0.32 0.32
] 0.30 0.0 0% ' 0% 0% 0% 03 0% 0.0 0.%0 0% 0.0 0.0 030 0.30 0.0 0.0 0.%0)
Buigaria 0.10 0.10 o1 010 010 Ot of0 o0 040  010. 010 0.10 0.10 010 010 0.10 0.10 0.10
Canada . 0.00 0.00 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chie . 0.30 0.3 0% 0% 0.0 0.30 00 0% 0.30 0.0 0.3 0.30 0.0 030 03 0.3 03 ., 030
Chinese Organisations T R
Malnland 0.0 0.3 0% 0% 0.30 0.30 030 0% 030 0.0 0.0 0.0 030 - 030 0.30 0.30 0.3 0.0
Talwan 0.0 0.0 030 02 0.30 0.20 00 0% 0.0 0.0 0.5 0.30 0.5 0.30 0.%0 0.0 0.0 0.30
Czrech Republie 0.10 0.10 o0 o0 0.10 oto] ‘o1 o0 o.10 0.10 0.10 0,10 0.10 0.10 0.0 0.10 o.10 0.10
DPRK 030 0% 03 020 0.0 0.30 00 0% 0.0 0.30 0.3 0.0 030 030 0.30 0.0 0.5 0.30
Egypt 00 0.3 0% 0% 03 ~ 00 030 0% 0.%0 0.0 0 0% 0.5 03 0 030 0.3 0.3
Fintand [ % % ] 0% 0% 0.0 03| 0% 0% 0.0 0.0 0.0 0% 0.0 0.3 0.0 0.30 0.3 0.30
France 0.0 0.0 00 03 0%  0.30] 03 0% 0.30 020 0.0 0.30 030 030 0% 0.0 030 0.30
Gemany : 0.3t 03¢ 0.3t 031 031 0.31 03 oM 034 031 0 0.31 031 0.31 031 0.31 031 031
Hungery . 010 010 010 010 0.40  0.10 010 010 0.10 0,10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10)
Indla 0.10 0.10 010 010 0.10 0.10 010 . 010 0.10 0.10 010 010 0.10 0.10 0.10 0.10 0.10 0.10
Indonesie 0.0 030 0% 0% 030 ' 030 03 0% 030 0.3 0. 0% 0.0 0.0 0.0 0.20 0% 0.0
imn. 0.10 0.10 010 010 010 0.0 010 010 010 010 0.10 0.10 0.10 010 . 010 0.10 0.10 0.10
Sapen 00 0% 0% . 0% 0% 030 03 0% 0.3 0. 0.3 0%|. 030 0.0 0.3 0.50 0.0 0.30
010 010 010 0.0 0.10 0.10 010 - 010 0.0 0.10 0.10 0.10) 0.10 010 010 0.10 0.10 0.10
Korea 0.0 0.3 03 03 0.30 0.30 0% 60X 0.0 0.0 0.3 0.0 0.30 0% 0.30 0% 0.30 0.%
Uithuanis 0.10 010  Of0 o010 0.10 0.10 010 0.0 oio 040 010 010 0.10 0.10 0.10 0.10 0.10 0.10
{Mexico 0.0 0.0 0% 0% 0.0 0.30 030 030 030 030 0.0 0.0 0.5 0.0 0.30 0.30 0.30 0.30)
Jetherend: . 03 03 0% 0 0.0 0.30 03 0% 0.30 0.5 0.30 0.30, 0.0 03 0% 0.30 0.0 0.30]
Paikietan 0% 0% a0 0% 030 0.30; 0% 030 030  0x 030 03 0.0 03 03 03 0% 0.0
Romanta 0.0 0.0 030 0 63 . 030 030" 0% 0. 0.0 03 0% 0.0 030 0% 0.0 0.0 030
Ruesia 0.10 0,10 010 010 0.10. 010 010 010 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10)
Slovakie 0.10 0.10 0f0  o.io 010 040 010 010 010 0.10 010  0.10 0.10 0.10 0.10 0.10 0,10 0.10
Siovenia 00 0% 00 0% 0% ., 03X 03 0% 0.0 0.3 03 0% 0.30 030 0.3 0.0 030 0.30)
Soith Africa 0% 0% 020 0% 0.3 030 03 030 0.0 0.20 0% 03 0.0 0.0 0.3 0.3 0.0 0.0
Spain 0% 0% 0% 0% 0% o0x 03 0% 0.20 0.50 00 0% ‘o 030 030 0.0 03 . 020
3 0% 0% 00 0% 030 0. 0% 0% 0% 0X 0.50 0.0 0.0 0.0 0.30 0.0 030 0.30
Switzeriand 0.0 0.3 0.0 030 0.0 0.%0) 0.0 0.0 0.0 0.0 0.0 0.0 030 0.0 030 0.30 0.30 0.30)
Turkey 030" 0% 03 0% 0.0 0.30 030 0% 0.3 0.30 00 0.90) 0.5 0.9 030 090 0.9 0.30)
Ukraine 0.10 0.10 010- 0.0 0.10 0.10 0.10 0,10 040 - 0.40 010 010 0.10 010 010 0.10 0.10 0.10
UK © 08 0.31 03t 0 03t 03t 031 0.3 oM 0.3 031 oM 0.31 031 oM 0.3 031 031
USA 4 0.3 033 033 0% 0. o [ X<] 023 013 0.3 033 03 on 033 o 033 033 0.3
Vietnam . 0.30 0.3 030 0% 0.0 0.20 0.30 030 0.0 0.30 030 o 0.30 0.30 0.30 0.0 0.3 0.30




