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Preliminary economic feasibility study of MIP(Medical Isotopes Producer)
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Abstract

Preliminary economic feasibility study of MIP(Medical Isotopes Producer), which is
used liquid nuclear fuel to produce medical isotopes of Mo-99 and Sr-89, was
performed. To do this, this study was estimated the IRR(Internal Rate of Return) and
PBP(Pay-back Period) about optimistic and pessimistic cases for market penetration
of asia and U.S.A. isotope markets. And sensitivity analysis is also performed about
capital cost and price of Mo-99 and Sr-89. According to the results, IRR was between
14.9% and 24.3%, and PBP was between 4.8 years and 7.8 years. These suggest that
MIP has economic merits. MIP can produce other medical isotopes such as
Sr-90,I1-131, Xe-133, Cs—-137. So, it is necessary to do cost-benefit analysis
considering production of these other isotopes.



=

=

A%
2 GDP9] 1.2%

Q]
=

e ks go] v

7]
% %

=

, Urle, ARV, S48
i

L1 A]

st =7} 3t

=

R

9l

JEE FALE AT

WHARA 7] 42 (Radiation Technology, RT)2 A ™ &

1.

o)

of NAFEI AQ e 93k

ta 7] w

S

ol oE

)

E

R

2

<

=

o

Ao o] gstozN AAHoR

= A
=

2

a

=

1.1 #8579 RT o|& ZAA 15 v

-
3t

op
Tz
a®| .
Sl |8 %
ir | @ 3 X
8|S

ol | X el

RN

)

H
= | ar = a ™
SIRISE T
I R
C o o
© T A
o X X K
O = M
|9 5 < =
S S =l (Tt A
T|®|<|0o o o
Ei = T
Pl To o BE
= <o Ho

m

=

o A

H =

= c

X HT

= =

o o

_Z'_Z

_‘l

73

F A}

el

o

R

S

1920

ki3

o

o gabol mepq A&Hew

1.20] e QlT).

3T
ar

g ol=

Fol gtow, A7l <3t 4wl

©

A XOP



12 988 994 o8 dFI A9

A AA S5
BH MR T8 YL KRty H| 11
S J 2 T8 59 (US$,964) g |31
- - =7
Tc-99m(Mo-99), 5% Al F24
Gamma Imaging | T1-201, I-123, 104 . 714 0]
_ _ © e 22 i
Nuclear Xe—-133, In-111 A&EHo =z 7
_ F-18, C-11, A15%
Imaging PET _ 75007
N-13, O-15 = A%
1-124, Gd-153
U T AA ’ ' E A 7 =2 A
Am-241 i 171 %
WA [-125, Co-57,
85004 ahsF A 7 =2 A
wed 2 A H-3, Fe-59 i I1es 2
20203 744
A=< 1-131, Re-188, _ -
53 | 609ER F2F
WA Sr-89, P-32, 48007F
o] o152 4% A| eFit-of 9]
o] ok Ho-166 e
44 Co A= Co-60 35007+ 3} 3F QA 7<= A
. Ir-192, Cs-137, A10%
|%8 | Brachytheraphy 195 35004 .
BT 78 e
_ Co-60, Cs—137 250047k QA
ERE

T D WA e d e =l Arbgekel] w3k A7, p19, #ehrlE -, 1999.

2) Sr-89 A A} ¢ k&<l Metastron T 3 6009FS(1996)

2. MIP A4 9994 A%

o

~N
)
4z
—
©
©
<
=2
o
=
o
it
=
<
8
3
9
©
©
B
)
N
ftlo
R
B
a2
ro
Al
)
ox
r)v
)
ofr
o
fa
o
ok
2
>,
ol
8



)

°o]-&

=

BA 7HE7D7E olE

E
A=

o,
[e]

R

<

T=

Aot 18

o Aitell = 7HE7I(

3l

A7} o] §5 1

L

Ju

A2kl

o

3 =
=1

] Adwrd oz PETEY 78
, 7L o]2]9]

)

ofp

o

23

ojp

A

o

3=
=1

1 olel 9

AL,

fission Mo Wi o] o]& 5% 1

=

=

A Mo-99 Aikoll= F-#}¢]

7.

el

)

R

zole

o

Sttt

) 2} 2 (MIP, Medical Isotopes Producer)ol] 4]
[e)

R

]
2

1
.

o}

[

&

=2 =
=

RS

&

il

3
=L

g

AASE PHoRA W el b

Azol A zA}

y

s
R

T ATl =

[e]

=

=

ol

e}
T

=0
=/

=

4

ol

Ho

—_

_CH

. MIP A4

b @

pul

A 2 %

Aot 1g]al Sr-899] A= gHAlolrh

=

=

VAR, Ayt

[e)

TR e B oblel 1E9 ATE AY

. 9

Aukriske] A9 254

o

R

] =

ATl A 9
back-up AA T

1
i

AA

-
=

R

ol
&

7t

Fa Aol

o=

]

el

=l

o
i
o

Wy
o

oF
1o

)
=

fsid
=

=i 3t

=

A7 Ak ol ek 2

1

sHefel ol &

-
X

g % Tc-99m generator)2} Sr-890]

]

-
Rius

[e]

sto] Aol AAlA 7HA

T ©

HE Aog A

s
[

==

2010l o] &x}7}
= Mo-99(

A&

£

L.

fu

)

e
R

o

a

y

-
=

St
2009 el 7}

©

.

28 59
L

2 upetel
g]

1
.

%

[e]

5

]

[e)

b
A

6ol

£ opalol =g §9)

=
172) A7

e
R

Far giet.

©

Aol M e

R

=

149
[ex

o,

o

- MIP(] 58 AN d&=)

27F A}
X



- FAARY NG FR F/HES AP, 20099 o AAAE Aol o FAES HIHAL

EAAE 71300 30d A 7IEE Al AHe 713EC09-720, '21-730, '31-'39) 8.2 Lo

= A @ ar Sr-89%t #ujE = Ao w M= ol AUt Mo-999] widE s =7t

I
=
o
S
1o
oﬁ
r-\o
il
o
;%
Q
%
B
_{
N
N,
%
td
<
.
rlo
4
fo
ol\
~
o
filo
X
ol
_O|L
2
|

(21 %/yr)

FAUL 12t ¥ S ey 1
s 4 = = =
2 “ S A =
'03-'08 10.0 5.0 10.0 10.0 -
'09-"20 6.0 3.0 7.0 6.0 -
Mo-99 —
21-'30 3.0 2.0 5.0 3.0 -
'31-"39 2.0 1.0 3.0 2.0 -
'03-'08 12.0 7.0 15.0 12.0 7.0
'09-"20 8.0 4.0 9.0 8.0 4.0
Sr-89 i
21-'30 5.0 2.0 7.0 5.0 2.0
'31-"39 3.0 1.0 4.0 3.0 1.0

th. MIP A4 5994 A% A48 2 714 Ad

B MIP7F 2009958 7HsEe Ao® spAegEd, e o5 HAEE 8 g F
1 a7h opalop B mlar Al o= Aol A A& AA skl whek MIPO] A A
Be 2 IS WA Ao agste] ofrlddE AdEE a5 FAdLe A Y T
3 FECl wE 7o AuEle s AAssied, o= & 229 Zrh

- BA ghst Al QU2 A], o= ofAloke] Mo-999F Sr-89 A2 EE 1w Sr-89 Al

A 27159 ARG AFFozA FHAQ

=1 RS o .
- AR Azt AYE 2 A, o= ofAloke] Mo-99¢F Sr-89 Al Bl m o] Sr-89 Aol A
27198 AZAQ oledge Aol A FEREL FFHE F9Y.

- 7HA AldE e Bl dial], (16-20d 717e] Al Aol HaAE ol Fan Ak A4

&o] fasks AoR VMYl E. ol A o SUHECAM aEd Ax ol Al A
& A 28 oAl A 28 Ths Al dFE Y] Wi



(&9l %)
12 . e oot =
717t UdE = H

. K S epr}

2009~2010 100 25 25 25 6
(100) (10) (10) (10) (4)

9011~2015 100 30 30 30 9
(100) (15) (15) (15) (6)

9016~2020 100 35 35 35 12
(100) (20) (20) (20) (8)

9021~2025 100 30 30 23 9
(100) (15) (15) (15) (6)

9026~2039 100 25 25 25 6
(100) (10) (10) (10) (4)

) 2T 92 AAYs Ayl 23 ke AN AuE L’ A ARred

ot AR g g LR ATl FujF e tEiAe T 2 M-S SR

- e A9, Mo-99% A% Tc-99m Fej= Zvjg.
H 5 YEef Tc-99me] Feje] A4 WYL 90% @ 10%= 714 3.

- F3 A9, Mo-99¢] 9= FElet Te-99me] Feje] A WS 30% : 70%= 7FA 3

- 7]} ofAlel w7ke] A, Mo-99°] A& FEfe} Tc-99me] Fefo] A 2192 30% : 70%

L

O

1o,
o
o
=
S
©
o)
1o,
r*°

- Ee) B9 Mo-99% #ulelA] e Srosowt wujelt Ao A

%

A MIP A2 edh A 7bAE 3E 23004 He vheh o] ghaste Aow 7HAE el
Dol a7t A&HHom FZ/MAATgE Fo SHNAE A5t Adnle FdH A dE
M ol whel Aol o] FojAa o= 7HA 9 stgaclow A& £ Q] wiEelt. 1y
sl B Aol AdE Mo-999 d8 ¢ Te-99m generator L8 1L Sr-89 X5, 7|&7FZ o) H] &)
20091 ~20201d  7)3Fell = AR 5% 7hAo] Shgstar, 2021~2030d # 2031~2039 ol = ZH7
AP 10%F 20% stEst= Aoz 7FAEsAY. ok B AT ALES Mo-99¢] d&<f
Tc-99m generator®] 717128 200$/Ci(6-day)2} 800$/Ci(6-day)el™, Sr-89+= 200$/mCi(2]

FE v ZlE)olth

o




X 23 w9 A 7HE A" sEE AdlE9h)
Mo-99
Sr-89
S ak= Tc-99m generator

2009~2020 -5% -5% -5%

2021~2030 -10% -10% -10%

2031~2039 -20% -20% -20%
3. dv] A A
7k 8 7Hd
MIP2] du] ZAAAEA 2 i 717+ 2009.6~2039.67H#4 0@ ez sgew F 7|7 ot
QAP oz Fppgzto] o] FojA= Ao R AT HAMES 25%, &S 1,2009/%5 A&

AHEH = 247E A, A A7 AAF F kA xR Al AE Y] 53 #HEE v g0l
¥3otd 71 g Ad HEow FAHEY. 7]Eeke] AEH| = [AEAS] A4 3
# (hot cellZ} F-tjAlAdo] A|9)9} KAERIS AZNIAIA 9593} HAFAAHE hot cell &

AN g 4299 5& mEEe] 4,0009HE 2 (4809 ¥) 7 A28 E Ao

©
ro
Do
o))
[
S
rﬁ
g

Mo
o2
ko
rio
—
%)
o
N
i
ko
rio
>
o
ot
ol
ko
rio
>
o
lo
ro,
rio
o
e,
ko
&)
posy
o
fru
N
N
ol
ot
ol
2
rlr
=
o

‘IQF
= AR B8 9/71e8d2 47 A9t 3%, 1% SUbske AR HAssle
Ao <lin] o]eje] QIAE B B 4 rhd 2
3= 2002~20099 7HA1 = A3t 5%, 2010~2039 374 At 2% A4S JHA S AT A
o] A9 10%2] dnu= 3138t

=
o

Ir

o
>
o
=N£
oo
t
rlr
A
e

X,
0

2) IAEA, Production technologies for molyvbdenum-99 and technetium-99m,
IAEA-TECDOC-1065, 1999
3) A8 F7hE AL wet Qlgo] AR FrbelAl 7] Wl S7HEY onE U

g E=E QAR fdoz o433l S



i 31 F8 H§ g5 Ay
T8 vg T ] a1
Q471 ], AAN], 1S 7 AL
Auw |2 enma pew), Qs guge| oo e A RS els
ato] H-g F4
sol X3E 1A 2 ARHE T
Som) 8], A=H], 7Rz e/ AelE 9 o wd) AEE st
AHEA g n], ol H]H] H-& +4
oo 24
mg FHALL Ao A¥TE F WuigS E 32, % 3.3% 2R i 32% Mo-99(
2 2 Tc-9m generator)d] FujZFo A Aged %7|e 20100 ZFwrolE A7F
17,000C1 A=Al 2020 0] SFHHEEH+= AzZF 35000C A% dwjzb o€t 28 dA
Mo-99¢] vl FollA el sdol Aol AmgF A FE&2 60%:40% H otk FEFE ofA
of Al Foll A FmAlFol b F HlFS A, 20109t 48% A EE 20200 o]

¥ 63% AEE AAT Ao AW

=

z
7.

¥ 32 Mo99(¥E % Tc-9m)e Alyglod o o dAvjzk v
(&+4¢]: Ci/yr)
17 . SE z | okl 1= A
7\ Zr H = !
= ° =
9009~2010 7,946 2,949 3,014 686 - 14,595
(7,946) (1,180) (1,206) (274) (=) (10,606)
9011~2015 9,772 3,927 4,602 1,012 - 19,313
(9,772) (1,964) (2,301) (506) (=) (14,543)
13,077 5,312 7,530 1,580 - 27,499
2016~2020
(13,077) (3,035) (4,303) (903) (=) (21,318)
16,016 5,123 8,536 1,659 - 31,334
2021~2025
(16,016) (2,562) (4,268) (829) (=) (23,675)
20,618 4,997 10,705 1,779 - 38,099
2026~2039
(20,618) (1,999) (4,282) (712) (-) (27,611)
F) Z35 gre AL Ayg L’ s o ‘AR Ay Al dHed



1Pal 3 3.3 Sr-899) Ay ed Ayt dviFgemA FPd 271 2010dH EF Rl
= Az 20C1 Aol A 20109 0] FFREFE = A3F 45CE A #ur) ok A Sr-899
Bl Sl =liel sfe] Al ddiE AFE2 2010 el = 1296:88% A4 2020 W =
Hbo] B = 18%:82% = Ut =] HAfr&e] 71 Ao o e o] 2010d ol =
AA ] 57% s AA AT 2020t Zkel = 48% Aew, 2020 FF-WHH
= 36% TR Folg Ador Jdidn il Saro] dA dvike] 43% HEw b 2

S5 AAA S Aoz e

# 33 Sr-899 Aluged A H dAvjF A

(&1 Ci/yr)

713 =4 Sk 2 | T g A
- A A - v
2009~2010 2.0 0.7 5.7 0.5 10.7 19.7
(2.0) (0.3) (2.3) (0.2) (7.1) (11.9)
2011~2015 2.6 1.0 9.4 0.8 18.5 32.2
(2.6) (0.5) (4.7) (0.4) (12.3) | (20.5)
2016~2020 5.8 1.5 16.8 1.3 29.9 53.4
(3.8) (0.8) (9.6) (0.8) (20.0) (35.0)
2021~2025 5.1 1.4 20.9 1.5 25.7 54.8
(5.1) 0.7) (10.4) (0.8) (17.2) (34.2)
2026~2039 78 1.4 30.6 1.6 20.1 61.8
(7.8) (0.6) (12.2) (1.2) (13.4) (34.7)

2020 FRVMAIE 50% BEE AA AN 1 o] FolE 65% ©

}_
dddn. ME R S, T, v, A8, 718 oprlel w7 som



R

3E 34 Mo-999 Sr-89¢] Avtg] o <1 H+t

el

12t sy S z | cHle = A
71Zk " = L
< 7 =7}
9009~2010 77.0 10.4 34.4 6.0 24.4 152.2
(77.0) (4.2) (13.8) (2.4) (16.3) (113.7)
9011~2015 95.1 14.0 53.9 8.9 42.1 214.0
(95.1) (7.0) (26.9) (4.5) (28.1) (161.6)
9016~2020 128.0 19.1 91.5 14.2 68.3 321.1
(128.0) (10.9) (52.3) (8.1) (45.5) (244.8)
9091~2025 149.5 17.5 102.3 14.4 55.6 339.3
(149.5) (8.7) (51.1) (7.2) (37.1) (253.6)
180.2 15.8 127.0 14.9 40.2 378.1
2026~2039
(180.2) (6.3) (50.8) (6.0) (26.8) (270.1)

) 2T 92 AAYs Aue] Q) 25 ke AN AvE L’ A ARed

5|

L oule} go] FF & WlE o) 42% AE, ofAlol Vg Tk F vjEele] 2% FE, o
MEde] 17% AX, U wWEde] 7% HEE Sr-807F AXT Aoz A n=S

Sr-89nt FEdh= Aow ZHASSlY] il & vise AF 7 Sr-89 dvhel g Aojvh. 1

35% AUt ol & @ulo) FolA Sr-gye el w]FS ek o oA & 4 9
X

o

2la dA Ao Foll A Sr-89¢] miE A2 30% oS AAYE Aom o

F 35 Ayged F wAvje T Sr-899 vy BT A

(&9 %)
12 o S orAlor 1 A
717} ) z m
= ) % | nen =
9009~2010 5.9 16.3 38.0 18.9 100.0 29.5
(5.9) (16.3) (38.0) (18.9) (100.0) (23.9)
6.2 16.7 39.5 19.9 100.0 34.3
2011~2015
(6.2) (16.7) (39.5) 19.9) (100.0) (28.9)
9016~2020 6.8 17.4 41.8 21.4 100.0 37.9
(6.8) (17.4) (41.8) (21.4) (100.0) (32.6)
9091~2025 7.4 17.7 441 23.1 100.0 34.8
(7.4) (17.7) (44.1) (23.1) (100.0) (29.1)
9026~2039 8.6 17.7 47.8 25.9 100.0 32.5
(8.6) (17.1) (47.8) (25.9) (100.0) (25.6)
F) 235 e AAAE AUy’ 5 e ‘AAAND Ay’ Al dRs9



—

2IH7ER

7T

A

0

A

ek Al

s

EE R

=
=

7HA]

o]

W

—r

&+
-

|
o}

+
ol
i+
o
el
o

-

B
1
frvzel

X

)

)
o
ﬁo

)

aelal A s Ave e

= 18.6%

Mo

"ol A Fabel 747}

=
-

= ol A4

)
i~
N|w | <
A1 o | e
o
~
il
S
% o
Flm| =
-
=5
of | of
Y
QMM
,mWAA
| e
|| R
7| R
T | o

—
file)

el
AO
]

B8

FATH WA AHEE] 9

5|

g Ajo} 7ES TIERbR T Al ALl

i3

LALZ e o

s

ol

berEnn 4ol o AsEE 432 713

S

ool X137}

tel A 7lell M= 7%

5

of gt} 1%

Sr-89

-10%

-20%

-30%

Tc-99m generator

-10%

-20%

-30%

Mo-99

-10%

-20%

-30%

2009~2020

2021~2030

2031~2039

11



R

4

(3]
S

Hhsl ol A 93l AU

3 A

Al

=
L
R

20% 4 7H(384

=

=3

o

Hd, 7

©

Alube] @7= 24.3%, 48Wds, 1Elal A A4St Aue = 187%, 6.4 U

71 eke] A
o el

2
™
N | oo | <
<o
Hﬂﬂr
S
IS
5
why
or || 5
IS E
il
=
of | of
iy
of |2 F
| <X
|
|| =R
RO | RO
o | fo

of A H

-
it

71kl vs) s5d Aol v

= 3 439 ZErh

H

veel

A

B2 14.9%

ol

ojp

< 17.4%

il s

713+E 6.9

=
T

Fo e %4

S

2
=L

gl

gt

5

2.9
7.8

(%)

19.8
14.9

§ o, A7 o
NISESEY

3]

A A3 AdE e

.
T

o

Mo

.

o

3} Al elel A st Aol o

/‘\:]
_12_

Ay el EA



o
&

o &R el A AAF o ZHA A

T2} o] Fof

)

S|
=

& o]
B

= A

qorow

A

T &S Fuz MIP v &S F43d

Ardaet A

e

olo

Fol wesio} v

AA+

5

ki3

=
o

glot, olelol = Agiko] 7}

282 Mo-99¢ Sr-89¢] AjAkdu

!

dz78 59

%

B

il

B
[

H] &

s

92 (Sr-90,1-131, Xe-133, Cs-137 5)& ¥

3

jjo
sl

ro

IAEA, Production technologies for molybdenum-99 and technetium-99m, IAEA-TECDOC-1065,

1999.

7] <=5, 1999.

A7,

ke
“

o

_18_



	분과별 논제 및 발표자

