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Potential cost of thorium extraction, USA

(modified fromYoung, et al., 1980)

$450 -
$400 - 8
3
$350 - =
—_ 3
£ $300 - 3
e : i
B $250 7 _ 5% °
O 2 £3 3
£ s ] : . 2§ |
> 5 0 .
$150 - £ 3 = 2 5 £
= 2 2 E a £ o
T ® ] g = = = w® S
&1 5 g 88 5 i £ ‘ :
00 3 i s3 £ 53 S80
g g = 3 2
$50 - 8 g 2 &
1] v
S' L T T T T —-
2,000 4,000 6,000 8,000 10,000

Annual Production ("000 kgs) Estimated by Eggert & Jordan



THEHERNA

IAEADSollychinld, MU LR AZBELI-ERA ALFIZDONT
Bt [RBSRT L E B CHN I ELNSB AT H T A%,

IRAE T HRODREFIFIZI00 kWM S160AkWTH AN, FDOaXK
(%3500 A 550002 THY . _hliﬂiﬁ@m%utwlz
Eo>T.GDPD 1%L E (Y, FUBRBREDENEFHREDR
BRI HRAOEEREIC l;cé%f%m\

Iﬁ'lko)ﬁ?j]%%l“ﬁfi EEZDRFFERAIC E%Fﬁﬁ%%’d—
B EBRTDHDIC %EHHFaﬁéiﬁ‘éoif_y(@%E
h\L\&lfhliE%’C%?“L\ok%*ﬂ@%@ﬁtl X, 2K T
=D 10GWREEDEEBHRULMNEBL TULVELY,
_ODJ:’JQO'JJF: J\éfrl(éjtﬁl_‘d)%;éaﬁﬁl EX=L>
BEGY . RIBBEDEBROGEITINILARSTE, CF c
iﬂi;ﬁﬁﬂ('fl*)lx# ﬁ(/l\ﬂ’é%?l%ﬁfﬁah aTgE) A RDHENS

(_
d




FTHEHERNA

¢y \
\Q@}/ Example of Wind & HTGR in SUSTINE

Demand-based
Electricity Distribution
- Wind Turbine Management System
TN Generators

mim A APZE RN /NBE GG X T LOE RS




THEHERNA

» F=EL.mBRARFTHN, OFRTHN, )DL

FE AT BIZH=->TIE, REGNTF A LERHEAK
Hond s, BTG AIE =1+ TH{EENG
n:Hﬁﬁ"bEa jJ,\.‘}Ed)*E;&O){iji(EJH&%E i /phEY

DEBIANDEHR) . AV ADEFZEGE. 2 AET
@*ﬁ_ﬁﬁ\%g

o KEMICIE D LEFESELED=—Z DRI A,

IR THHZELIERS

e BH.ARKEEHIZHLTIZ, ERMIZIZTEEARFIZEL

DERRBFAE IR DR E“#’L’CL\T*T* REDBA L
DEAER ISR L COREARE RSN,



THEHERNA

Q%@%%m 62118 [XE&E |

TAA=Z—ZFICRAMESDAMN N)DLFRREEDT

2013/3/22 700

(1/2°2—%5)

me vk [ B n#

FHT2BRICZVLRTHAA)I L (He) IORZNGEHBEF BAKLITLD, TORE
[T, SESFLIERRARN O FABIRERFITETRS, — 1K, AUDLITAAEETNDD
M BIEFEICAREORBLIIFNTVSON ., &RFBRZEST=.

MR, A= DHRICANTOSREATERE L. 11A21R0KKYERFEEZARIELTS
VFET, lREBRICOVTIIRETY . BRADRBELIZDOVWTAMYRE, CON—VIZTHHL

BEW-LET) o

RERTAA=—F52FDOWebH A+
DI avEs T 1IR—212ik, £ 8
D E3GEHSEHBHF I TN
(B1), MEWNFHRSAERT(X=
—SUFESNROELENES
EBLRD. FrT05—FR N
JL— (EAR) AL, 2012811 A4
HALELERFEPLEIFEOTLNS
Df. BRICEDHEHIAN)ILFRE
. TORETHS.

BIRPERBRICLFAR

A LOBRBTREFEORRIL. L5540
RiIcEEFSLL, TERBELTHRAURABRTE
HhTWE3Z, KELRHBLLV—ANRENIE
M. FEEEEA TS (E2),

Ao L®

AU LB ORBEGHEDO— D&, BasteA AaRE=E
+R269°CETHRDF TRIETHL &I, LB (B 20114 %8
HEBONEDBEEICLFSOISBELM SR
B)AREMEERABUMEELH T, HEA
HwISHELTLNS,

DD RIFANR—ORETETHERMLTR
HLEHSAOSHS, FEEAREDI R v) S
S IERENBTRTHBITESIDIAL (S @y sonsicsitaays LoRRSISER(E: 0 AE
IN—OFBHEEIEDOA TG, BEEF LE EERHRERUMGA)

FIFAT DMRICERE S SIS E &%) 135 OMEG (I
BEE HEDEBBRICE, A LOERA RN EAVNE D H D,




THEHERNA

IAEADPhaneufld, IREHRIZHITHR) D LDEEIC
BAL THIER L 7-.

IAEAIZ [T Terrestrial Environment Laboratories | &
[ Marine Environment Laboratories | Z— h\Fr D 25

iy . RS RATHRI BT AR ERET>TLN A,

HMDIMETERARENTNBESIZ, MDD LITHSY
WOLT7T7—ADEFEDZRBELTRELTLVASD, C
NIEEELTT—ITRURIZEFONDEET S
M, INDRKPAADILE, TIEADZELGLEERF
T.EYP~DBITHELS,




AIR ——) /_/ /f_ 5\'\

DISPERSION o ?
At"_ o, B e e \\j
’_é:ﬁ eon o ol ’;_‘ .
—q as : W

WikD DEPOSI‘IION <n
EROSION A A
AlR WASTE ROCK
EMISSION
EMISSION - : MOOSE " consumpTION
L Ly _
B )

TREATMENT
PLANT ﬁ DISCHARGE

L7 7 —ABREDR) D LDIIRE - EMIBITD/NR



THEHERNA

E_BAMNNIDVLERD]

_EIE(i M) LDERDIBFIRRGEEIZDINT,
ZEMSEENHT=, FDLIFAENR LGN
THY . EFETIEHRELEDZRLTINVS, R4
FAGTEITILZWNVEDODIZVIILERELIER =X
2, SEIE. ch>DE LS T. T7I2VHERETUT
MNoDSMMNBILD, 72UAhh I, ZHBLUSE
HET. Frrk. O ORTD—IL. 7. TOTR T
FHANILHEEBELTINS, BRITGEWLHA, AR,
A—F.rAHIL. ?)hBESMLTWNS, EET7TY
TIEo4VEY AR F L AKXV THRERLTINS,




TERAR

e PILEUFU(EFHE opez@*ﬁi)(il950¢ﬁ75\b1‘?"w‘

DEREEZIT f%f: CHIZRY LB EEND SEEIEL
#7 ﬁxm’iﬁh%@; Ao hl)@A@ﬁEh\ﬁbh'CL\é

« FILEUFUIL, IR, _ﬁd)ﬂﬂlj_jkﬁ”fyk'b:'(Slemensiz&

CANDU) ASBEE SN TIND, £ RO ES GHES D) i\
HHNTULNS, _*Lbld:’77/%_‘*lﬁkﬂtb’cm%>7b\ TNDHH.
EMBALSEJR+ 1 % B T Tl 21A DT 5% 4 (Adjuster rod) JH3%
U Co-60E EEETIEMTES, BIRHIC (i?@k:/\)l/h%#ﬁk
L. PR TCHEFZREETHZETCo-60IZE A BHEDTH B,

o COLIFEREEIL, MU LZFERL. V522330 HEICAL

BoEMTES, L. ZILEOFUICENTIEN) Y AOFI AT
B DEEIZONT L. FERE ’]’CZ?)%) EIZLSEQD . BifE
DEKIEIL. 95 233 B O 8 () RSl 9 LR T
WSBCEITTEHTAREEETHS




THEHERNA

» 72)ADFk (AbdoulayeMEEE) (X, ALERD
'Jt?t@i“ﬁl "77/5@75\%5 'c“*L’CL\é
Ik \
\-a%%%ﬁnnxw RS

e RILLT7ZUHDa—FIoRT—)L (KoffiEE)
X, 1960FE DM LIk, ERARZTBEFTDITE
HFEELTERYMEATWNS . £ IV =9l
L BATERTHS. MY LEELEDSN

TUNBA, ZTNDEIT IR L%kali%@ﬁﬁ%
'Vbﬂ DEFR—30 XD,




o Fa—/NIE, 1990FKIZR) D LDE

THEHERNA

&
M IR EIE S THL, 7. Eb%%li 3, 6%'3’
oiééhut, 20404E(Z1310,000MWIZ E?‘é HLN TV,
FRDIRILE— B8 A475MWE B E T tcﬁbiﬂéh\
ﬁ%ﬁ%’&wrﬂalﬁ*ﬂ! KYUBESRIEETEIZD L\ FEETLTLY
5, AL M2017EF TIZ Faﬁ%@“%&%zﬂﬂbn\
%)'JF(‘*%‘E lﬁﬁﬂi’“_'JiF’E?ElT)’E*EEL’CL\é

o CNIE INBIETHD-O., BER)—F2A LA TELNEH

Y e %m J:é:xt@éll,ﬂz EH%OME 175
AT D F| “b'lib\%zbm’ca*ab) SH A2
SMW . i_nx:|7\|~1114ooS/kW 2ER)— h@%AlizE
B (X0.045/kWhTH Do cNE321=wk (5580
OMW. 5,379GWh) & A 3 2 F A ERHLT L\éo




THEHERNA

» J4VEVTIX. L77—ADEFRIFERIC, RIS |~'Jr7
LDEBEEFMEIToTND, REREALD @linj A &R
IJ_LI_T%PaIawan.%'C&)é W, PR AEICEE
EXSYAR Ombotthiel Tl 750>, Erawantﬂgtuflizzooh/

D) LDEBEENERINA TS,

o NhFLIE, 2000FEDHELT77—XE#HE. BAD IR
r“tﬁ*ib\lz77 AEREICRNIGE, LTT7—REIR
h\ﬁg BN TND, TENH, h‘)?A%aim’CL\é HE

S EEIL6H3T R THAN . T—FDIEEETEL,
ﬁﬁ@tﬂflih')rbAﬁ,ﬁg&Lﬂi IF7ELy, Fi=, 3K
R.LTT— Z@Efilili&/w‘:&éh’cum\h\ S=Pa

FADLL T 7—REBRYFELEBAEL. FUYLEED
TETHALDREHZANARELTNND,




THEHERNA

F=BBTNIVLERFEDI. TR LA DR

USGSMDGosenM i, RERIDEFT FA (MY LELTT—R)EIRIC
DNWTHENH T RKED KRELGH LEMELTIE, OyF—IL
ARIZGLIE 9 Hlehmi PassHEILNTLVS,, @ALIXO. 43%T16H LD
) LERENERIN TS,

FERS X —1) Ji DD Pea Ridge (L XL H D EH T19645F N 52001F F TE
o ShAIFI T RIANET INFART IRV LAEEND, T/33
AFDRBFEFICIILT 7 —A (FRHL3. 6%) ERJDL(0. 016%) 7
BESND, 100~ DT /NZARIIF160R DRI LA EENS, Pea
RidgeTld. T— IR URIZ120B R DT INFA LD ETFH LN TS,
RETRLAOMN-R) ) LEMIIH) IAHIL=FNDI I TUINAT
05, 1990FRICHFEDFUELTICKY, £ESEZEOL . 2000512
AVEEZHRIEL-A . 2000F D P EORZHIEEEZET. BAD
JOGMECD E® IR CAEBRERMALI, L7 7 —ADFEZ(X179
FrUDETET. BIEMELTRNIDLNREET D, EDEFEBET6L,



-

THEHERNA

KEA RS B@F'J@Aﬁ 1, 4/#&577/»73&&@{% DEHT
hbo I S ORDCH BN A—RIA U FEFH A biﬁk
PN, CNEFEBFA7HNANEBT B, COR. FE140 D)
)L %ETéo/ﬁE/ YL YD Placer depositlZ. &@VFFH‘V’H(_
D
-
&
K[

2 |II.IJ|I

I TIX/N) T =) ICKYRFICHEBRSN =R NEBF
12| *Lé_tflilﬁéhé ifzs?’;‘ubbTT AGEBHA
BAahiEAESENTNE_ELFIATHS.
1=

L. XETITRE. N)YLAITEEIA TG, BRIZ. D
Bk LDTIE ALY, QK EEFIZ NS LEFIET S
UE AN =ET*T4F€L$EZ;%>77/I~75\EL\ @DEFTYA
FOBEEIZIZHFRAMNNS. EET

7(-

e Gosenld,. ZMD>56. @t@)@g.’éHﬂL)B/\(T’&bL N LD%

PRELELCORA. BICAREFCOFIAERELTIS,



GosenDEEDATAF (F) ) LiBARIEIR)



THEHERNA

A—ARSYTIFR) DO LEFENEE T 5)%)_}:75‘%]1911'((,\%)75\

(I MietizisD—HDHTH D, A—ALT) 7 TIL. 'd"\'fa)ﬁﬁ(iltﬁ
HKBEIEEEL. $ﬁuﬁl,fl,\%> E?F_IE&F_&#E“B—%'J‘I‘IE&ﬁ(iiﬁﬁ'ﬁ*ﬁ’&
RELTNS, =L %J?IE’EBH%LEL\%WE’JE%*&( [REon T
V5, ﬁﬁdﬁxﬂ?ﬁm?&t%ﬁ I TS,

FDLDEREHEIZOWLWTIE, ARPISUEE, BRICHE n1l:
L\é%@t(ii?&éf—&) ZOEEICIKIZSDOENHS
1:* S#IE-STIE, F'J#Ali?ﬁnnf(iﬁb\f—y) =7
E&*&(im\h\ SEEIZR LIS DN TDRE IS T BIEEAE
%ﬁ s ElFHR TN,
BHELTORENSDL T 7—ADEIR BFIZILEREM) . QLT T —
ZE 7‘*&)0)=Ed'47“'fl~d)$ﬁuﬂj RFETOHOYIILO= WAEF’\O)?(‘J
(75 ERIT LD EE T %, 20128 [ZOECDA R DR
Aﬁ M Red book’&?'ﬁ‘rbf"?ﬁ\ %@T—Qliﬁl’\ A—XS) T DR
eré,éfﬁg(i 59 kL EHBNG. =120, MM Llzstd LIS
BESHAMNE. N D LEF AT IR FRRITOERICIKET 5.,

”n

ey
3

o

=
i)



THEHERNA

« FEM [F)DLOEE | [TIL—T 74X
s3]

s XRBIX. EZDEFEENETH--. A
.7 7—RAEERFFDON) ) LRBREDE
FERERRE 2DV TTH B,




Technical Meeting on the Thorium resources and provinces, 24 - 27 September 2013, IAEA Headquarters, Vienna, Austria

Proposal of an international framework for
thorium management (storage, utilization)
from a view of rare-earth production

Dr. Takashi Kamei 12

1. Director of Symbio Community Forum
2. President of Kyoto Neutronics, Co., Ltd.
ASTEM 8F, 134 Chudoji Minamimachi,
Shimogyo-ku, Kyoto 600-8813, JAPAN
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Introduction

* There are many interests in “Thorium”

— As nuclear fuel

* Nuclear non-proliferation, less production of MA

— Byproduct (or “waste”) of rare-earth (REE) production

* Protecting environment from pollution

e Thereis a dilemma on thorium
2

 Comprehensive countermeasure is necessary
 “The OREEC” and “The Bank” are key concepts

Document # 1309Z001-E
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Features of thorium utilization

e Thorium is fertile.

*2Th + n>**Th—>**Pa—>*U
22m

* Fissile supply such as Pu is necessary.

p

27d

* Only 392 GWe of thorium utilization will be
available based on Pu supply from uranium

fuel cycle at 2050.

—+— Capacity of LWR  —o— Capacity of MSR
— SNF (without MSR) —— SNF (with MSR)
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Thorium — as byproduct of REE production

1. REE minerals contain thorium
2. Thorium is not used in commercial scale

3. REE is used now and in the future — more and
more

4. Separation of each element of REE was
difficult and REE is balance-industry

5. Thorium is radioactive material

Documen t #1309Z001-E
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Thorium was the first, REE was the next — th'en?
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Thorium problem in REE production

 Thorium accompanies REE production

* Thorium is not used (maybe used in future)

 Thorium has to be taken care due to radioactivity

e Taking care of thorium is just a cost for REE
production

 REE is commodity thus cost-reduction is
necessary for a private company

* If some REE supplier pay no cost for thorium and
sell REE cheap, other suppliers lose market
competitiveness

Documen t #1309Z001-E
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Prediction of REE production
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Excess stock

* Excess stock is not held in healthy supply chain

* Production is determined by balance of demand and
supply

e Excess stock becomes “dead stock”

* Dead stock requires only cost

* Dead stock is discarded to reduce cost

* Uranium does not have excess stock
— |ts production amount is determined by demand

 Thorium is only excess stock
— Thorium occurs as byproduct of REE automatically
— Thorium brings only cost now.
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Necessity of protecting environment from thorium

e Thorium is excess stock

e Thorium does not have commercial value now

* Thorium is only cost

— If thorium does not have any damage to
environment, it is discarded

* However, thorium is radioactive material

 The question is “who pays cost to protect
environment from thorium?”
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What is the OREEC?

* Organization of Rare-Earth Exportation Countries

* The OREEC is an “organization to collect money to
protect environment from thorium which occurs
as byproduct of rare-earth”

— Consisted of rare-earth exportation countries

— Add “ThAX” on the selling price of exported REE
— Based on the “beneficiary-pays principle”

— ThAX is NOT profit.

— ThAX is used for;

* Adding separation process of thorium in REE
e Storage of separated thorium

Document # 1309Z001-E
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Comparison of collecting cost
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Candidates joining the OREEC
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How to collect ThAX

ThAX is added to sales price of REE (exportation).
Unit value of ThAX is common among member states
It can be different value based on element (Nd, Dy...)
It is flexibly changed (new process, new warehouse)

[y
o

(ex. 100 USD/kg-Dy). o

8
7

w6

2 5

S~

a a

a ——ThAX
3
2
1
0 s ‘=g/\-\
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Simulation of annual trend of unit value of ThAX
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Balance of ThAX

* Unit value of ThAX is large in the beginning of the OREEC

e Collected ThAX is used to prepare (1) separation process of
thorium and (2) warehouse storing separated thorium

 ThAX s used to operate thorium warehouse
e 200 Million USD of ThAX is kept for emergency purpose
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80
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400 Balance

40

200 I I l [II[']]I[[I]I]II]] 20
0 0
2012 2017 2022 2027 2032 2037 2042 2047
Year

Consumption[Million USD/year

Simulation of annual trend of accumulation and consumption of ThAX
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Storage of thorium

* Thorium has to be separated from REE

e Separated thorium has to be stored in
warehouse which is named “The Bank
(Thorium Energy Bank)”

* Functions of “The Bank” are;
— 15t stage: storing thorium
— 2"d stage: lease of thorium, storing Th-SNF
— 3" stage: lease of U-233, storing FP and MA

*SNF: Spent nuclear fuel, FP: Fission product, MA: Minor actinide
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15t stage of the OREEC

* Inthe 1% stage, thorium is only stored and not used.
* If there is no use of thorium, the OREEC will remain in the 15 stage.
* Inthe 1% stage, only ThAX is enough to operate “The Bank”.

OREEC
Export of REE Selling REE |
Fina
o Member states € Traders €———— Consumers
Payment Payment
- Supplying ThAX for . including ThAX including ThAX
B3 T thorium separation lPaymg ThAX
5
o
) Annual Congress
g.
3
Supplying ThAX for
thorium storage
The Bank
Inspection \ 4
IAEA .
(O Thorium warehouse
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Collect cost to operate “The Bank” for 29 stage

e “beneficiary-pays principle” is the most important
e ThAX must NOT be used to store Th-SNF
* Users of REE pay ThAX to take care of byproduct of REE

e Other cost must be collected from users of Th-fuel
e The costis collected when thorium is leased
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2"d stage of the OREEC

* Inthe 2"d stage, U-233 is not leased
e Users of thorium must prepare some fissile or neutron source
 Th-SNF will not be processed unless U-233 is used
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Difference between IAEA’s nuclear fuel
bank and “The Bank”

_ IAEA’s nuclear fuel bank “The Bank” of the OREEC

Storing item (1)
Storing item (2)

Commercial value

Operational cost

LEU (with fissionable material)

Uranium-SNF
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Thorium

Thorium-SNF

No
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y Clinton thanked Kazakhstan for working with IAEA on
creation of nuclear fuel bank

=
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Conclusion

* Thorium is hopeful as nuclear fuel but is fertile
* Thorium occurs as byproduct of rare-earth

* Though thorium is used as fertile of nuclear
fuel, accumulated amount of thorium is larger
than available consumption amount

 The OREEC enables collecting cost for taking
care of thorium by storing in “The Bank”

 The OREEC also support implementation of
thorium utilization
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Stop financing Lynas plant, Japanese corporations urged

i November 12, 2013

Himpunan Hijau claims the government is ignorant as it has not learned its lesson from the past with its approval of the Lynas rare earth plant.

-——-KUALA LUMPUR: Himpunan Hijau today demanded that Japanese corporations stopped financing

the health-hazard Lynas Advanced Materials Plant (LAMP) in Gebeng, Kuantan.

In a press coqference todq’y, Himpunan Hijau chairman Wong Tack said the NGO managed to get more than a million signatures in support of
their ongoing “Bury Lynas campaign.

“The number shows that Malaysians are against Lynas rare earth plan,” he said.
Their committee members would be visiting the Japanese Embassy on Saturday in hope of meeting the Japanese ambassador.

Wong said industrial superpower Japan's investment in rare earth production in Malaysia in the yesteryears had been detrimental to the
community.

“One of such is Mitsibushi’ s Asia Rare Earth joint-venture plant in Bukit Merah, which has been blamed causing deformities in babies and
brought about many premature deaths in the surrounding villages. The plant was eventually shutdown,” he said.

Wong said that the Lynas plant was supported financially by Japanese corporations with Tokyo' s tacit approval.

He named private corporations Sojitz Corporation and Mitsubishi UFC Corporation, along with government-linked Japan Qil, Gas and Metal
National Corporation (JOGMEC) as those providing financial support for Lynas.

Wong claimed that the Malaysian government was ignorant with its approval for the setting up of the Lynas rare earth plan and urged the
Japanese government not allow the past to repeat.

“We demand that you atone for your past mistakes by withdrawing your support for these corporations. Otherwise, you will continue to harm
millions of Malaysians, he said.

According to Wong, the committee had been trying for the last two weeks to solicit an appointment with the ambassador.

He hoped that the ambassador would have the diplomacy to meet the concerned citizens for an open and honest dialogue on the issue, on
Saturday.
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Generation |V International Forum, 16th MSR Prov. SSC Meeting, RIAR Dimitrovgrad, Russian Federation, 2-4 JULY 2013

"It is meaning-less to repeat fundamentalist-like
speeches."

#h

RECORDED LIVE

130509(Fid) B 17l R FHZEE S BREF= 10:30~

http://www.ustream.tv/recorded/32604887 (in Japanese)

A hearing was held at Japan Atomic Energy Commission on 9t" May 2013.

FUJI was presented but there was no sincere discussion about its problem:s.

Dr. Shunsuke Kondo (Chairman), who well understands thorium MSR, gave wise
comments against this presentation. You can hear his voice via web in Japanese.


http://www.ustream.tv/recorded/32604887
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