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O] DOETL AMlAlSt MEIRIXIZE HIE 8= U}
2onl (A2 BE=S 2Ist MICHE: Pathways
to Commercial LiftoffS Sglo2

HAXIBHHT AWZUALE EFH ALY (joohyun@keeire kr)

1. 20{7}H

W 0]= 0| 4A[F (DOE_NE)OflM = BIASE EE0 2 7|05 2 o= AL, A JHETHA0| U=
4719] 7|z2| HE HYSIE 2ot 7IE/E B AAIAH SH SoIM M ZE|0{0F 2 akAet 0]
CHSH SHZ 22 A|AIGH= Pathways To Commercial Liftoff A|2| 25 7t5H),

>

* &7} Advanced Nuclear, Carbon Management, Clean Hydrogen, Long Duration
Storage”} ZRFE Qo 3 Aol wpe} F7pAQl &ofof| gt HiA = wikE

8.

B 2 10[M= “Pathways to Commercial Liftoff: Advanced Nuclear” HIIA{0f|A] A|A|S
MZIEALZ (Advanced Reactor) 2| 205072 Q| Cht 2 Hg I LHASHE fol OfLEeh akA|

=0| ZAlIsH O|= ol Z5}| fleh Lot AlAlet

[—

o 3Afol A MU u §AAY G 237] YT LSS H2T|oh v Ao R
Uieo] A AT,

* 4o A 2050W 714 AW QDALR | 52 AFISE 93 37HA] GAE A oS 2.0k
AlAE

1) https://liftoff energy.gov/
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rel

B 2 HIM0A Q] MZIAIZ (Advanced Reactor)0f| Z&tE|= EMIJAS FH| 57 £22

M. 0[0ll= Gen I+ & CHHE Y SMR, Gen IV %OHHE &2 U S45-88F 7 LA
28 AAE, ZAYHYUAE (microreactor) 7 EHE. ((3 1 241))

* Gen I11+9] 29 WA 29 F9 hRLE] hP AT Zo] A4S YA g3
As59eHs S AR ASH, olF 7lMoR o Axt2l thE o] 3 s

oo

- o AT AL 22FUARY A MW ol5hE BFTE 9w o 9

(a2 1) Liftoff EOMOIA 2] HTHXIZ(Advanced Reactor) CHA

Gen llI+ Gen |\
Light Water High Temperature Metal/Salt

Large Light Water SMRs Gas Reactors Cooled Micro
Power output ~1+GW ~70-300 MW ~80-270 MW ~200-800 MW ~1-50 MW
Typical fuel LEU LEU HALEU HALEU HALEU
Coolant Water Water Gas, e.g., helium Metal or salt Various
Select LPO loan guarantees  Carbon Free Advanced Reactor Advanced Reactor DOD Project Pele
programs for Vogtle Power Project Demo. Program Demo. Program (BWXT), Eielson Air
(reactor Units 3 and 4 (NuScale) (X-energy) (TerraPower) Force Base RFP
developer) (Westinghouse) (TBD)

ZEXx{: Figure 12: Categories of advanced nuclear reactors as referenced in this report, Pathways to Commercial Liftoff:
Advanced Nuclear, P16
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O] DOEZH MIASH RN HISZRE Zstioht T2 22 2Ist MoK Pathways to Commercial Liftoffe SAHO2

e YA EE IA AHAXYAR A= = J#:M(Advanced Reactor Demonstration
Program)i} &4 A8 L2 E (Carbon Free Power Project) & Z3f & 3719 =3
NEFS X Y=Y, 0]ol= TerraPower®] Natrium, X—energy2] 1127}~ 2 NuScale]
VOYGR7} 2384,

e FEHoE It go] MY T AR LA Rof| H|GEH P40 R A YFo|H, I H

Ao
22 TerraPower®} X—energy® A% 50%, NuScale®] % 28%%. E3l X717t

EF FH7|OR 6~1063bo] AH XAk YL
o Jefu, BIAL 0|9k 2 AFAI S el WHAIAY hE A E EAREL
ol 2t Al

Al BRI L 20304 F5t o] ol SMR AFIE} w0 RS T
[e]

sp71el] 2514 eheha HIR,

(3 2) 0= olUX|Re MExtz JHY MEXH WS

Reactor Reactor Years of Awardee DOE cost- DOE cost-
Program developer type award cost-share share share (%)

Advanced Reactor Sodium fast

Demonstration TerraPower 2021-2028 $2.0B $2.0B 50%
Program (ARDP)

reactor

High
X-energy temperature gas  2021-2027 $1.2B $1.2B 50%
reactor

Carbon Free
Power Project NuScale
(CFPP)

Light water
gl 2020-2030 $3.6B $1.4B 28%

Z£X: Figure 13: Summary of DOE financial support programs for new reactor demonstrations, Pathways to Commercial
Liftoff: Advanced Nuclear, P16

B 2E0M0ME 205097HA| EHASEE FH5H7| IehAE MY LA L A SH o
2t 550~750GWe| 23 240| 7SSt FEFAMH| (clean firm power) 7t 37}+&|0{0F 5HH,
1 S HRIHAZTE200GW7HELSICHD MAIgh (13 3) 2a)

° 2021 9F 1,278GWO] WA =
Energy, VRE)o] 2} &},

205GW7} HEAA QAP EA Y (Variable Renewable

’

.
d

1ok 2055W7FA] VRES] 7 EA52o) suf Ax Z71sitd, &8 xFo] 7153k
ek HEA 9 (clean and firm) o] <SS A thy] 58] =7}l oF 9806w} T Qs A
o7 AYE K™ 39 &5 Han)
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Tk} 205541714 VRES] 7 Aol 100 A SokRiche, A gsEn &
2go] P5 T WAL A FE ofv] o 3.5 F7HE 7456WF WA Y Ao A
CEL D

[e]
o
« BRI AL AL oW Bt % = 1993
5o AOFE WHIT AEAY BT 25 AT thre] Aol A AT
2

A 4G B8 BRste

= 2+

(32 3) Liftoff 2uMOIM HMAIS HMLMH SIHE n2fst 0]=52| 2050E7HX|2] HH| MY

F

Capacity in lower renewables case, GW Capacity in higher renewables case, GW
Variable [ Non-clean, firm B Clean, firm
3,878
2,669
2,596 67%

= [

2021 2050 2021 2050
~5x clean, firm (~770 GW) ~3.5x clean, firm (~550 GW)

Z£X: Figure 3: Additional capacity sources in a decarbonized grid in renewables scenarios, Pathways to Commercial Liftoff:
Advanced Nuclear, P6
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0 DOEVF MAleH (IRt HISHES Zeriot i Has ffeh XRH: Pathways to Commercial LiftoffS S80=
e M HZx57|9 AL kWi AHTEIIE $10,000004 AFA AF Ao i BEAE
53 $6,200/kW7HA] 22 4= U2

o1 SR YR 2F Bkl o] A UEE FEUCH A 59,600 T
o

[} == =35 Z A5
- AR 9 YRR Az ode 3EE N W EE3} 48] H]§ dio Fa3t
o = - -
q3ke 3 AoR i
(a8 4) MZIAXZ | X|=S 7| CHH| S719 HIE HZ MY 2 (T2l $/kw)
~10,000
~3,800
~6,200
1,500
s 500 o R ) I 400, ~3,600
Recent FOAK | Cost reductions | Best practices | Yard/cooling/ EPC Nuclear island ~ Turbine island ~ Owner’s costs NOAK
projects driven by best FOAK installation equipment equipment
practices
~40%
i?l(:i?\tli]::aul‘::!?s't‘Sby 30-40% 40-50% 40-50% 20-30% 10-20% 30-40% Total cost
category reduction
. @ Learning . Supply chain Driven by
Key drivers [y by doing development reductions in
of cost improved pre- other
: ; t

reduction S:':;en(;:\g @ standardization @ Modularization z:tsegories

Build time

reduction

Z£x{: Figure 15: Categorizations for how advanced nuclear costs could decrease from FOAK to NOAK deployments,
Pathways to Commercial Liftoff: Advanced Nuclear, P19
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- d& 5° 102 d4ES 5t A2 10MA S04 OF kWY $4,500 4250 TS
Wolu}, 15% AL ES AW A4S ol Zuat NA 5719 wrte] malA T2,
* o3 A Q| Aol = wHEAAo] AL H 9o A Hi @RS AR
2. o8 5o AE 5% S 20MA A4 57)9] @b o] 3] $5,000/kWo] 422
o}, 10% HZHE2] ¢ 2087 7] Y4t Al o]u] §4,000/kWE D457

—

ARl S aTe) ne uguY ATk oE S UL

(32 5) 50l ME HSHAEE THE NHKW 712 = 8H|E Xt0] (EH2l: $/kw)

=

6,500
0%

6,000 — 5%
— 10%
12%

— 15,

5,500

5,000

4,500 — — Targeted NOAK

4,000

=
FOAK 10th of a kind 20th of a kind

(15% learning rate (12% learning rate
reaches NOAK) reaches NOAK)

Z£X: Figure 16: The number of reactors it would take to reach NOAK overnight capital costs depends on the learning rate
achieved by the nuclear program, Pathways to Commercial Liftoff: Advanced Nuclear, P20

m A7|9h 20| 51245t ZAMTITI0]| 2EHIBT LUK, MAEHHS HIHICIH, BTN M2
I2429| L COES Z{f MWhE $66712] OF 4 S 202 Mt ((12 6) 21)
¢« FAHOR H257]9 A9 ALUT kWS $6,000744] Wobal 49 LOOELS MWht
10128, o] F S 3 B8] Y717k kW $3,6007H4] Wold A $- LCOEL: $760]
b Ao duE,
~ olof] TRAC] T A7 sElo] HeE 7 NHA B7]9] LCOEL MWh T $6671%] Wo

A5 9le Ao uuAE Bk

2) BOM0| IEH, 12% MUE2 ot
1980~1988 AFO|OIA HO{ZE ‘/v\‘ﬂ(?:l.



Ol DOEZF MIAfer MEIRINZ HIZZE oot e 222 2ot MR Pathways to Commercial LiftoffE S4o2

(32 6) = HH|8 A HSHIE Hajof| WE MITIHXIZ LCOE MY (EHLI: $/Mwh)

M Overnight capital cost M Financing Ml Opex, fuel, and sustaining capital Tax l:l Tax credit (ITC)

Potential FOAK estimates Potential NOAK
estimates

140 109
120
100

<

w N Kol
©
]

9,000 6,000 5,000 4,000 3,600
Overnight capital cost, $/kW

=Xx|: Figure 17: Estimated LCOE from FOAK to NOAK ranges assuming 60—year plant lifetime, including the 30%
InvestmentTax Credit from the IRA (48E) (note this does not include either 10% adder, which would create an
effective 50% ITC) Pathways to Commercial Liftoff: Advanced Nuclear, P21
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(22 7) 0| ALXIF7F MAISE MTHEKIZ 2 ESFE20Me F2

Today 2035 2050

1. Committed orderbook

Need committed orderbook of 5-10 (likely) Gen Ill+ SMRs by 2025

2. Project delivery

Need to deliver reasonably (+20%) on-time and on-budget

3. Industrialization

Need to scale workforce, supply chain, and licensing capacity

=X{: Slide 6, Pathways to Commercial Liftoff: Advanced Nuclear
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HZIA|7| xtolof| w2 20404 0|=

A EZHE(GW/yr)

=] fmd

New nuclear deployment starting in 2030

New nuclear deployment starting in 2035

Annual deployment (GW/yr) built and Cumulative GW online

Steady-state achieved in

2040 at 13 GWl/yr
Cumulative GW deployed GW/yr
200 20
150 15
100 10
50 5
0 0
2030 35 40 45 2050

Annual deployment (GW/yr) built and Cumulative GW online

= GW deployed by year [l Cumulative GW

Cumulative GW GW/yr

200 Steady-state achieved 20
in 2046 at 20 GW/yr

150 || deployed 15

OVERBUILD

100 10
50 5
0 0
2030 35 40 45 2050

=X Figure 22: Build—out scenarios and implications for
Commercial Liftoff: Advanced Nuclear, P25
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3 \)C\ * Pathways to Commercial Liftoff: Introduction, U.S. Department of Energy
* Pathways to Commercial Liftoff: Advanced Nuclear, U.S. Department of Energy

* Pathways to Commercial Liftoff: Advanced Nuclear &HAtz, U.S. Department of Energy



13

1
-_ North America

© O] MMR 7H2AFUSNC, AI=A[2 AES 2l5H Alabama 0] 2f 34 3 £}
A= EE

=
=
o
pd
=)
Al
o

World Nuclear News 2020.06.10., Nuclear Newswire 2023.06.23., UxC SpentFuel 2023.06.23.

N 6E 21 2AY 2ARIE TS 2158 =91 0= USNCE= Alabama 0| 2/%|3t Gadsden A0]]
291 3,2000 22 (2f 3,1002 )32 EAfs MMR H|Z- R -E|AE-HALS 21318 4 Q1=
HZAIN AN A g2 uisl

=1

FEEUAZ(MMR) A=A 20244 9

e USNCO| w2 59k 43 AlFZu|g ;2] |
o= AiH,

AML Aol 2027d 0 &go] A&

i o
»op

- USNOE a5 Aol A gk A 10719 MMRE AATE & glou], A4 oot of
2507 0] A% Qlelo] Wadk Aoletw At

* USNCE: MMR A% A A4S A2
o A3 o JEE}, 1Y &, I8 AREQl AAAGE 233 HUF 8 A5 viE
1:1

* MMR A| 2 A4 2] Ted Coulter }YA}+= Gadsden A| A Sl =
B84 FUEE 4 gloml, Al4do] A% W 2eo] SR 20271 0] Lo

Gl Ale) dke] AEol 75 Aolets A e

S}
.

3

W SHH USNC= 201140 d2= SMR 2 AR 74 7|92 MMR, TRISO 7[4te| FCM
(Fully Ceramic Microcapsulated) Sz M, RFEALE 2t 221 7] T S 213

=
=Y.

3) 20| T A B 25 20231 78 6Y B2 7IE HB(1Zai=13062)
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e A& USNCE= 7futt} Ontario 9 ¢l+= Chalk River XA} u]=* Illinois tjata
MMR AAM AFL =7 Z9,
— Chalk River FZAoA MMR ZAA AZE AYstr] ¢ sl USNCLt Ontario Power
Generation(OPG)2 &+H2+7]9] GFP(Global First Power)S A&}l 7uttt CNL(Canadian
Nuclear Labs)o|A] SMRE 7j =9,

— USNC: 2026714 Chalk River #%|o| GFPQ| 1 &7[AWzFE MMR 17](5MW)=
7Hes AlE .

©® NRC-CNSC, SMROf| A2€ TRISO alifm 1 S5 Al EuM T

World Nuclear News 2023.06.30.

m6E 30 0= °J7¢E4-F|‘11| [RS] (NRC) 2 FHLICH KA AS| (CNSC) = T /A2 2
SMR 7|&9| QI5{7} A| =25t TRISO(Tristructural isotropic, ASZ OjE2h X sidz
&3 R (qualification) 0if LS+ & A 1A (regulatory joint report) & HH3

E

% TRISO SiGlZ OJMBIQatEoS B0l EISIFASC) MRleloz A% 128t 2o X120] of 1mmel

o SE B4 20199 89 5 A7 T AEE W YA U SMR 714 B 244
(MOC)Vo| uhe} 53l QR WS Feo] TRISO ARES 4 AENA 588 4
0] 0 O O)ZF}

M =2 H O T.

— MOC+ SMR ¥ Hok AR 7|&o] digh &3
A S ARE F 7]To] F/HT = U= 7

- 3g MOCol= & 71349 A &5 H9 9 5x AAet A 71 AL 7Hie R
TRISO A& &2 7ol gt 5 A& &HstaL, Ax A= 2157} 413 A] TRISO
A= AHEE 715t skl 18l s asloF & ]

e T3} o HuAL AA o ARE 7|HEO & TRISO Ao &3t 4= 9= o7 &3
24 #HA Fof it 1A 2 A Y-S 8 A E AlSskal, TRISO A= AHAAA
o A 9 271 JE T3 ABAFI T2 A 5 Ao E8E g

4) U.S.NRC, https://www.nrc.gov/docs/ml2317/ml23172A242 pdf
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© O] of|L 2|5, M2 A2 7= A2 flsl AR H-UHE FafH[2] 20% A2
Hixg
g3

U.S. DOE News Release 2023.06.26., Nucnet 2023.06.27., Nuclear Newswire 2023.06.28.

m 62 26% 0] 0| 4Z|2(DOE) = S4I1MQl AR M85} 7145 2 TIZH Aeixf|o| M2 izt2
it 2 2|210] 291 Gateway for Accelerated Innovation in Nuclear (0[5} ‘GAIN’)
FAHZEZE 70| LIt 7| U S e o2 AL Al EAH|o| 2|4 20%00 siESh= A=

2|22 216l HE2A (voucher) & RSt Y&l

* GAINS 20154 7|2 99| sl BEHQ 29 AU} A AALAZ A A
AR 714 A - AHD DS 9 o] oA U] My,

* GAIN 1197 2132 E5te] 77]e] 7|72 DOE Al ¢ A4t Aeishel A
A3 AT ol 5 ZRAE] AT ABE AANA P
— AP G4 += Idaho(INL), Oak Ridge(ORNL), Argonne(ANL), Pacific Northwest(PNNL),

Los Alamos(LANL)7} 2Fo{s}al Q12
“ GAIN BHSH 9 A9 u] UA RS} FY AFso] 4ZS AFTHe] 7o) /1% o

=
FHIE A 5 A=F A E

EN

e ol A Y ZRIH W= 2023 FAAE AFE= GAIN Z2AE A WA
2 E(round) 2, 3 WAL} £ WA ehe = 747} 20229 12937} 202349 3Yo] HEH
HE

(0] oA X[Ref MEEXtZ 7|& K| 23 774

—

|

ZHE XH g 2 XH W)

o2ME MY 7| | &= At T L2
ARC Clean AL INL ARC-100 X2 HA0 MEEl= 24 Rak= 7|2 &2 H=(aloy fuel)o
Technology, Inc. ' CHSH A=} D= xH(cladding) Al0|2] HS IS protective coating)2 7HZE
Alpha Tech Research ANL LANL 2R X2} UHSH 0|EFR LA (yitrium hydride) 7 [8F ZXH(mod
Corp erator)= JHEt
RAFE! BfSlAirradiated silicon carbide) 28 #= Xz 7Ha{material be
General Atomics ORNL . : /=8 =
havior}S Z=A}
Kairos PowerQ| E3t W2 Kfluoride salt-cooled reactor) 2IXIZ0IM A=
Kairos Power, LLC PNNL 57| ol MAE 5= 2IS0M 2lE SHEA Hig 2A2 fst 2 A
et SH=L0] A (hardware configurations)2 7Hzt
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meNE My TIY | g e o7 LS
Moltex Energy USA
e ANL S FXIROM HRTI L2i Aofo] AF P pH
Ultra Energy ORNL SARML HE7 |(neutron flux detector) JHES X[RI6HE D2 8K 2 A7)

£ Ohe| CHE L= SE0IA Ldish= TSR] 24 3 4 730 &
PNNL, INL 2 511 35 FE(chromium—coated)2] AIx{aty stHdZ(accident—tol
erant fuel) ZAREA[E(post—irradiation examination)S 3

Westinghouse Electric
Company LLC

XI2 : U.S. Department of Energy. GAIN 2023 3 Round Voucher Announcement(2023,06.26.)

® Vistra, Energy Harbor 22| 37 & & Q14 0f| A

Utility Dive 2023.03.07., 2023.06.26.

B 6E 26 O|= WAA} Vistra= Energy Harbor?7t 28 &¢I Pennsylvania F0f| 9= Davis
Besse &1t Perry @, J12|11 Ohio 5201l 4= Beaver Valley #2(Z 4,048MW) 2 34
3T (2F 4.5 J)0j| Q5= A2l el

* Vistras= A}3]A} LuminantS £33 v]=t 127] ol A ¢F 39GW o] HH|E &9 Fo|H,

LA E 5 USIA Texas 50| ¢ *]gF Comanche Peak ¥ (F 2,300MW, PWR)% £

A ge 20234 3Y0| VistraZl 233 Energy Harbor Q1= A¢ko| W2 Ao g
AeAdoll= FArS] HAE 9 Anf AFY ) Vistrad] AR R W QAP A] A4 22
E

A EE 23]AFQ] Vistra Visiono] Z g5t Uj-go] WA H.

o oF A= ] ol A A S AE (FERC)S] 23] 79 179714 AHE ST AL
2339

Cof A ol AL M7 RF A RASAY A HES FaATA GE A
o|g}ar FASIY, PIME] @] A|AF7FA] 7]l Monitoring Analytics @] A of u}=H
G A7 50E B PIM o[ | A AT 5 Aol A A A S S

AL et



Sl =t

© Brookfield 254 28, At AQ 7SS UM E35H RErA HAUOR HY

S2 0¥

ESG Today 2023.06.28.

W 62 282 D=0 BEA AH|A 3|ARI Brookfield Properties® (0[5} ‘Brookfield’) = 2024
THA| New York2} Washington DCOIA 2F S AL Zi=2| HHLH|F § 65% 0=
Et4 MO 2 5611, 2026E7HA|= Of= W AMAL AR2| ESLH0]| REFA UZR0] A

AME| 4242 25 0|2} 8kl

e =T od [=1

0x -0

® Brookfieldo] W= o] A3 O 7 Q3] AAL= nj=t ] Fetih Y
498 $EAl B Aol

264l E o] 4to] oj4bsier
* Brookfield= o] U7 2 A|2)3} welsto] Aee] 49%s 2ol A, 339 BF
e, 021 18%e AAeoln 2T ALe v,

— I3} Brookfield= 85% o4 A2 AF FujstAY AAYAAA 5554 (REC)
H o

A Ftu) A 9F(Power Purchase Agreement, PPA) ¥4l &3] 253 AUS °

i rlr

=]
=

5) Brookfield Properties= 2022 7kX| Westinghouse Q| Z[CH F=FHE Brookfield Business Partners@| X3 AF
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TIEFEHM

@ O] NRC, Centrus2| HALEU MAtA |4 2H57t W

Nuclear Engineering International 2022.06.20., Nucnet 2023.06.21., Office of Nuclear Energy 2023.06.21.

B 62 20 O] AEAFAH|IE| (NRC) = Ohio 5= Piketond]| 22|15t L2ts &= L ZHCHARIZ
AZ A XA Centrus = A|A0|A O] OIHA|E(DOE) 2| 2|2 HALEU AISAIE 9|5t
AltH MAFAI2EZ BT
* 20199 Centrus= H| U A Ee} 7fAA| 0| E(cascade) H4e] HALEU AAHS 93t

FERA AGS W ALAS AL AU A2,

® 20229 Centrus® A}3]AFel American Centrifuge Operating LLC(©]3} ‘ACO") 7} 1]
oY R Fe} HALEU AJ4bAdn] 15 9 AARS I3t 2F AlokE A4 vF o=
= 7] Aka2 oF 1,59 E(ef 1,965 )oln, 202474 F+ TA o AA AG=E
o g 4.
+ ACO2} 0] AUIA| A} A AT HF Akl 712 AL ol F Atk 9Lt F7F BALS
olg|gt o= Q= 27lo] 2FE| o] glom, AFAHFY of Hi= 23] 9] oAk v & 7} qFELo
w24 49,

® FHLICH NSERC-CNSC, SMR ¥ =2 A E0f| 347942 9 2|92 2|2

Nuclear Engineering International 2022.06.23.

W 63 232 LI AjHareh & AL AT 2|RI2[(NSERC) 2F FHLIT AR 2| S|

(CNSC)= SMR A+ 2| d= 24| (Initiative) 2| 21 A THAO|M 2971 S Z2HE

A A5t7| Slsh 3tH7ZE 7132 EE{(2F 93 #) A= A @2 HEE.

S BAT A9 BEL SMR HFS AUsa T4 29 A BAG AT D A4
etz f1et A,

o L3} od:ﬂ‘ _LEXHE x]q] e 1:]]. oz Q;g
EFA4 #e, SMRe| ofsf A E o Bl
5 chopeh APapAe} G Hokel ARANE thF Y,
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TTEd Fuope

% 40

© AQIE 03], A 4oL R] 100%0lIA HISHYHE 100% = 224 HY

Reuters 2023.06.21.

=
-
(=]
p=4
Et
Al
il

B 20233 62 202 AYE 9|3|= 2045E7A| AR 2 100% A|AEOA H|SHAM
o 2 HEX 100% A|AEP O 20| 0f|LR| Z2H HHAS £0I15¢

[=

o AYdle AA Fol YHL gl 7Ly 20234 7Y 7|FE 6712 UAE(6,93TMW) =
7Fs FolH, 7719 YAR(4,054MW) 7 F - FA EH A=

© 2992 19799 wl=F TMI 94 ARSL o] & =Rl F RS F3

(1980W) A TE 2]3]7} o] & A5l Alqf YA ALLS 383t HES MAsF e
(20109), 2040|712 A HA] 24 H]F 100%E H3 2 AAsIHA T ST H3x7t

dr o) &dAA HHE ujste A oty Fal YA RH2016d).6)

* 2022 9ol SRR U AR (2T - L9H ©

o A WA 100% A|AES ‘HEA] A7 100% HH A|AEO R W

- AART= 71E FE R HAE A 7hsRt A 71 AIRK107)), Ale FAo] | A
A 232 AAISEL, SMR 4 - E9e fRt e it Ags 29T

A
T
* Elisabeth Svantesson 55 A2 0|35 9] of U x| A2 ¥

Jhe 7 59102 A1 A Aol
7Rt ol o] A EgItka Walw, A Al ergael Fo] Basihy v

— 2045@ 714 2] 100% H|3FA dg A A A" AsLe 2040974 300TWhe] A o

==
h | S RN
Z7h %% % 204597k Shh B SAS BER SHE 93 A By AT Y,

6) & The 2040 target is 100% of electricity generated from renewable sources, This is a target, not a deadline for banning
nuclear energy; nor is it a policy decision to stop generating nuclear energy (NECP Sweden 2020.01, p7
(https://energy .ec.europa.eu/system/files/2020—03/se_final_necp_main_en_0_ pdf)
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ot 2I5H Ringhals &7
.°_|EL°1| -;T‘-I_+_ 27|9| SMRZ ?i“ t7] It Bt ZALE 21l 30| UM S5 L= UiE =
A 0|5 2t Ao = ol
* Vattenfall2 ¥ A A% Ringhals 1 - 237] 1A 7Is5A4, 7]&
_]

% A
Ad #10] 9 484 2% Ringhals 94 9T EA 2 SMR A4 RA 2 23

@ ZakA FDF, O|AFS] Ao 2} M3 Penly EPR2 217 714 Ha} AJ2F
EDF, Les Echos 2023.06.29., World Nuclear News 2023.06.30.

W 20231 62 20% EDFE AfAF OIAREI0] A eial 221 20l 2t TYA 28 2ol
Penly SA/0f 4173 212 (EPR2) 27| 440 TR3H Q151718 HIZH| 243 At i
WHUE W7 NAYCHD 93,

rOII

® EDF oA 7} et o YA A gk o] Penly 4l
(creation authorisation decree, DAC) A|&& 421§to) wlg}, EDF=
QP (ASN)O] Tl DAC(SF 31 409 §7) o] Sehoh §7 si7HeF 1
48) AST BUR B ARl At
— EDFof| wh2H o]H o|A}3] 9] 4ol AAL 2022¢ 10 27U R ¥ 2023¢ 29 27U7}IA

1Y% Penly 47 Ao tigt 323} A3} £4E B = ¢

« EDF= 317 37} 2 E 4] 20244 o
2 4238 2027 DAC HE A] A
+d AYE =9

2] 3 674 7 E A S EeE 2A) Hu)
S

S71o] tigt 23 E A 2 2k, 20356 A

[ |
I=]

%I-A FRE 202213 28 AAHBSYUS S5l 2t 147(Q] H+2d 24 A=l Taet
H} 2, EDF= 0|0 {2} Penly, Gravelines, Tricastin &= Bugey £A[0]| Z 27|14 =

6710 S 71z A2,

* 20224 29 Macron 158 9xg 2 Hao] dgho s r 147]9] EPR2 A5t
I8

AR AM(67] A W F7 o) ALEAE F3 509 o]

- E3F s AR 20279 59 o] Ao Penly ¥ 3 2 2035~20364 7HES BRE
o, Yz YHE Sapd o A4 AYY.
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® Framatome 72 =21 ATF, EDF7I 29F QI AZI20j| Al 2L 0o 4...

moatA Ll 2|2

Framatome 2023.06.29., World Nuclear News 2023.06.30.

W 2023 63 29¥ Framatome:2 ARt HY SO ALuA{etdH = (ATF)Q! PROtectE
EDF7} ZHAM 2 S AAt20| Al 4E517| 2fsi EDFet &= = 2|25, S35
L7}A| EDFQ| YA = 5Htof| A|HAZZISHY| (Lead Fuel Assemblies, LFA) 4 CHtg 2
57|=2 &t
* Framatome?2] PROtect= A& FY X2 FE g (zirconium alloy) ¥EHI} 32
ujo} 7}35} A7 AZA|(chromia—enhanced fuel pellet) & EA 02 s, QA9 HjAF
@z 7lso] AAE AEolAE AL S AlEE YA, i TS JAIS
SRS ] 4 R = A el i

* Framatome> Al
9o, Ab=r Aol tiet ATFE] 455 &¢Isk= EDFE| ZAk(irradiation) Al¥l<

YA CFAE AALe] AR Ao A Az o o]zl
=
L [¢]

s AR A ASN O RRE HE 5S AEY Ao AP

3

B Framatome2 0| A5 (DOE) 2| ATF HI7HE AtH Tt EDF, ZZkA CHA|O|L R|- A=
2I213|(CEA) 2t Y25l 32 FE m|EA (chromium coated cladding) 7H0f| 2045t
QUOMH, HMIA| G O[=2] A0 A AFALS| PROtect X8 AlRS 2Igtal =.

e SHO A= 2019 A2 Gosgen YA (1,010MW, PWR)O| ZEFE ARE 1071¢
S8 2% 222 PR A7 Y ANARTRAS 485
A2 20194 Vogtle 23.7](1,152MW, PWR) o] Qa4 3 AHZ 2}A}o] ATRE
E3] 20219 11909)|= Calvert Cliffs 25 7](860MW, PWR)o] 22 7}3}
I HE AY AREToRE A AFT 2HAAE A%
— 3t 2019 Arkansas Nuclear One 13.7|(836MW, PWR)o|| & g dgEo] 23ty
2o AAst, 2021 39 Xcel Energy2l Monticello YA (691MW, BWR)©|

AEE ATF 53 AleFS AEe vk 3l
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@© mZakA ASN, Bure A F0j| 1=S|HTHIE 2 2A1E 14t MYM HE AJA
ASN 2023.06.22., UxSpentfuel 2023.06.23., Nuclear Engineering International 2023.06.28.

B 20234 68 22 ZEtA A0 (ASN) 2 HIAMYL|7 |22H2| 4 (Andra) O] Meuse/Haute
Marne = Bure A|H0j| D2UAMLE|7 |2 2222 A5 | 2o AISSH HE57} A2 0

et ZAIZO! 7|4 BIHE BICHD LEF,

—_

* Andra+ Meuse/Haute Marne 50| €| X3t Bure XY A EZ X|3} 500mo] - 1159
H7Ee A&she L9 HHds 48T AZ.
- g A4 EDF, Framatome, &2 thA] o] - LA A3 (CEA)7} v &= 2
Stal Andra”b 83,000m'e] A 1129 - S8 HHIES AT A4,
- 20239 1Y Andra: 10,0008 0] %] Heko] of ] ,
HA 5 23719 EA= o|Folxl 1Ee] HuEd A4 57 AIBAE IR o | A
Agtol A& o, 20234 3Y AU AHEF = ASNY| 7= FH7HE 9T

oto] geof, &3}, Asw 4 szos ol-%oax% e,

- 7l& 7} @A oA ASN IRSNof| oHiA e 7 +3e aAsk= sAlol, 7= 2
Ell

ZNE AR IFS 279 37 ARHE AN ASH 718 7Y B AR, 129
W] 29 712k ok, WA F A A QS AES A Y. 2077 39 e,

W DYAL 19914 SANTYIZTIHTY ARG S5 DR YIS 22| SUS 22 2203
1om, 20064 YALSTIZIE B2IAIEIHS HHsH Andra7t 20150 A7 S, 20254

200
T FHE 1F YHZel 2 AES Yot=E &

3o

Mo



* 20124 Andrat 229 WolAol et A AL ABE. ol

.
oof 2016\ BT A1) UL 9T ARA 2L Hojsh Wato] ARE,

* 20224 79 LA YR Y] TRAES FFAYOR TR v} 9

UN ROL RATOR

B SHAFT ZONE

M FOR
RADIOA
(H

-az0m

[ o0~ T R

XtZ: Andra

I|:|

AH|Q1-S=2H7|0t7|Y, EDF 2 Al -2 A1 flet At 21

[ )

World Nuclear News 2023.06.21., Nuclear Engineering International 2023.06.22.

W 2023 6@ 21 ZZA Assystem, AL [DOM, £2Ht7|0F VUJE= EDFL| CHE A &
SMR AFHZ| 1} EU-G= AR 2IZE 2J5l SHREALS|IAIRI NUCEALS AMZIstH

=2 =2-d0.
* NUCEALS EU U 12,0007 o4 H9& H4eta 9x1e Hre] dRge 25m
9lof, EDF7} T2 - ol 4] 3

A F0 44
HE SolA FF ddddoe] AlFHE A olE AL A"

— NUCEAL-E Assystem X|& 60%, IDOM A& 20%, VUJE A& 20%= FA4HE.

* Aol Foldh 8AH 22 A Hokoll 0 7|7E A Hoke] AW 2E A0 U

=
- Y2 Assystem 1966 E A AL WA, AF, §ARE, HAS Gt
4=, B7), MUE, F3, UARA AR A, AH, ALHS AT o 9,
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- 2ol IDOME U4 REo| tia AMY - ANYolY - £ L FARS - FAY
AR - WY B LS AT, ALSFHARALA A (CSFSE), AT AR A4
AN ASESD) § HelnFs|Ad LeAse) S48 EAAYZATER), FUTENEY
AFAA BT 2 T TR Eo] Folh

- R0l VUIES 9d HA - AL - SulA AE AA - AL gAEs - 9iE
el AL A B AROE shul, 46Wl o4 F - BN SEelA UA AY ABL

© H7lof| 4, SHALENGIERt Doel 487|- Tihange 327| 104 &2 2t
NIELZ A #A

World Nuclear News, ENGIE 2023.06.29.

W 20234 6% 292 A7|0f| ZFet AM 2HA ENGIES Doel 457((1,090MW, PWR) %
Tihange 327((1,020MW, PWR)2| 10'd ALZHS ffeh AlrelAtER, ANYLA Of
(CID) 418, Su=A{2|H|E 2 S0l Zret 7453 8l= A (non-binding contract) = Al Zgt.

47 101] A BAjof--Aetoluh A of o] uhg o] 7h4 et st w oE
%45 93} 20229 39 Doel 43.7]9} Tihange 357]& 2035d7H4] 104 A48
3}71_% a3
- ool wieh w7lell A8 BNGIESE ¥ 5719 A4S Wl ehed o 21
T4&8 9= 9JdkA](Letter of Intent) |2 (2022.7),
AT AR BAR 745 e Al Aok A (2023102 o3 H)

o] ul Aeke 2023W 1ol A AT Aok 7 g
3HE 918l 20264 1Y 2 B AL J&_Eﬂ A kst A w2 20254 119 & 5
5719 A7kE AY, @ F 5718 Bt FLEAT AR 50:50) MY 5@
¥z o]o] 24, @ WARARRACD) A AL BT FZ 9 B, @ YA
W71 AR S HYE 1500 SR 2% DS FAF,

— ENGIE: Z 1509 S (oF 212 9)of ol w2 A u]8S zH7F 2024 (A A=
AEE 129 W= 9 2026L%( = AES AES FuE) 22 A AR AF
3 Ao, A 7| E e o] Wyl FRE oJHEGY] Wi FF FuE

]

#g] wlgo] MEd Aeol= 71 X]%% gl Aol=hal gl

i

7) S B JIA 8 2F 20231 7Y 6Y Btg J|FE HE(1RE=14169)
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* 7] A%k ENGIE o] 482} 97]o] 57k 518, Aok ol 79 o Folui, ol
osle] vz 5o BRE AL Y,

o 1= 290| SMRE! EFEA ZALISH - 290| B2 0f142)7| Y §2 22
World Nuclear News, Nucnet 2023.06.23.

W 20233 68 222 L 29)0] 7tA-M] 7|/ M Vestte| Ak3|AF Norsk Kjernekrafts EZtE
UZLHAL TVOL| AFSIAIRI ZAME! 7|2 TVO Nuclear Services(TVONS)2t =2¢)0| LK
SMR E¢] EtFd S8 ZALE SALE 5t Q[FME A e
¢ 20224 ] Norsk Kjernekraft(=2¢Jo] ¥x}8)= SMR §#| gl 2y 44 - 24

7120 T2 Q1E7F A1 2H], 38718 S B3 A 2E 52 HEE A5
— Norsk Kjernekrafto] @h2H 40 Qb 3t A TVOL] AEAd3 WA H 7| =
o] 719 Posivadl 5590 TVOS HUARE SiAI7HA] €A A 7] Fdo] &&=
oA7g <.
o S OF=2 -2 9|0] Aure, Heim, Narvik, Vard g X AA|E A2 SMR =4 &
A H BEA FUE AT oY,
— Norsk Kjernekraft+ 23] 5€3} 6o Z+ZF Aure - Heim - Narvik X AFH| 2 Vard ¢
A A L SMR =9 7teA AN 9% FokE
SMR == 9%t 7ls - A - A SHE 24 5.
o =2go]= Y8 9 e
7Hs3t vF =
- 20219l w29o]e] F WHFS 157.3TWhE J|SHon], 5 919, FY - Y - AL
8%, HFo|Qui A 1% SO &2 FAdH.
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TIEIEH(QE/0IZ2 131

@ 2{A|0f Rosatom, =& Chukotka Atz e}t ZAHAAE =Y AH|oF | A

Nucnet 2023.06.20.

o2t

m 2023 63 15% 2{A|0} Rosatom2 =&A|E FZEZH(Chukotka) AX|FLb ZA
Shelf-M SMR(&A4E 604, 2T 10MW) 7|8te] XAHIRIZ -2 JAI2
A2fS A1z
* Rosatom®] W= o A2 Savoye & WA d = E7}(Chukotka) AFX] L

Qrg el e

v 1

o

— A7 F3E7}(Chukotka) Atz ol A= SMR 7|8Ee] X% F-{4] 449l op7tde] 21
A=Z(Akademik Lomonosov, 35MW J+ KLT—40S =& 27])7} A&
ahal glom, 20284 7HES HHEE RITM-200 7|9He] XA SMR 74 o]

* Rosatom-& 2030 ZAFAARE 715 BERE 20249714 o =8 ¢ ¢y 2=

AAE 4= 5.

— Rosatom A} AAL7HE ¢l NIKIET©| Shelf—-M SMRQ] 7|4 AAE, 19 94 AL

H33l= Rusatom Overseas?} Z2 A E W& E33H

© LOIZ SMR 7Ly, 2 NL27IA AZ2 HM 22 oA HH

\World Nuclear News 2023.06.23.

W 20234 68 15¢Y HOotE 4M|CH SMR ZHEHA|QI Stratek Global2 400MW 22| 211
T7IAR T AR S &5 85 54 L2 35MW 22| AZZ (HTMR-100) 4 —’I‘—/’.‘_Iéa*
g ¥l
* Stratek Global® CEOO|A} A Yol =& I A} AFAFCl Kelvin Kemm-2 HTMR—-100
ASTESAY - 348 € B B8] &8E o 1o, TRISO 13 A&+ A=<t

AR mR2of A o]Fo] Heldk AHe Zaal lokal e

- Kemm 0] W2 it g9 27| A& AL ofxze|7t &, FefHF A<
ofAJo}Q],
olg AH = 1993 A E 1127l AE 2l (Pebble Bed Modular Reactor, PBMR) A=2

r_\d nL

[‘ﬁ

4 AbE AW FAR, 20109 BAH ol G2 A Y FAES FAG vk S
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®

s ZT HIAOIH ABAL SRANIREOA AT L ASE Eaee] WA 9%
A3} #2291 ALPS(Advanced Liquid Processing System) S22 &gt 2 4= (0]}
‘4ol oa) U AR AALTAIYL . E LA B )3T BES FAH

E3}, JARAL 9.9
?5ho] IAEAH S
Bart dow 4z

IAEAS} IARAR ST QPO Rt B3]l o4 R ¥l Qug A&s)n, S50}
A7 WY A% A%

183 A A A A 7L 2 A U - 2R
Algskal = AALE] 7L ol 4= LS FFolk 2w S SIS Bl

L2 A A 2], 2FAI0F L UR AH| AFE M 2|F A 2=
RERETN 2023.06.24., BAHH 2023.06.29. NHK 2023.06.30., 2023.07.05,, L ¥ 1788 2023.07.07.

7% 7°E' e %Zfﬁ%ﬁli’rliilé EIUH0| LF 4 oflY L7 26(0f| Tt ALE X AL 22

-

- B FAT ALYl AT 0945 AH FeHu|el ALPS(Advanced
Liquid Processing System) S22 Z@]3l & doF WFslr] 95k dujo] Az FAe}
A|e- AL 6 26U7HA] &3 v 9l

¢HH, 63 242 MF0|4E E=0f| EH = IHH2 A0t A| 13 SHA| 21Z0]| cher 2t
219l Ofol| S22 S22 78 0|2 RE| ZHAS LY 2 oF Al ROIE AIRE oY,
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s AR AR, BAR, AFBA GAT FFAT A1AH ] A Zo] THs WA T
790 ool FHAUHAL] 591 W ofYALS F3) Qukel ARE FH5oHA B
o Uuk ;0] e B Y AR o Saku] ALPSU 3} Held 2 4ol A A4
M) T AR A G SaZu] AT 1~457] AR ARE OF 100m
"ol Aol A Bh3}5) Hekat
- A% Fols maAee] ot AeE @4 MBS B 0P et YE Ay
SR ED
— Fol= oF 2AZF ¥k g ww HEATLS OF 0,038V Elr A A7 AE 1 E- 1)
Wb 28, ARES ARalor shul, Q- FA olshs AT 4 9l

drela A=A 22l 2023.06., ESUHTHE 2023.06.29.

B 22 AAAER2H7 |2 (Organization for Cross-Regional. Coordination of Transmission
Operators, OCCTO)2 6¥ 282 ME7} 3|QoflM S27| 2Y24™* St HEeljol| Cist ZES
Al2fet.

Anle] 249 §5 Axvh gpofstal §lo] k4 g5 (Frequency response)©|t} -5}
Sk A|o](Load Frequency Control) 7|5 2r51L QI=A] 52 Teld 4= glvk= HA7F

A

© FF AR} BoolHE @ v Bw Y, @ BRF 7)s, © AR Y] uets
o)



30  World Nuclear Power Market Insight

© U= Jihd, D=9 YHE 2FAZY 2R 0f| Ciet 2 ZAF2ISHER

U ZAARY ARSI WGE DR
S144 25 718 5 251 ZAIA Bio10F i 22 712012 Helson, 815 Qbtol o7 42
(@]

2 S oYY,

c dEE AEAHEHES AF ARY Agem FHFAE AFYAG] NUMO(Nuclear
Waste Management Organization of Japan): 202085 E E7lo|x o] A A}
ZhE ool Eo A WHlE HFAEE FA A AR A DA 3 AR A 35t
A4 4 ARE B4 59,

- QR B ATAEG AAEATE 194 B 24 294 A 24 34 Y

- FAHOR T - B BE - WA HAF B 20T, P 9K G ol AL,
“ S 71Eere] FAOR AHHW NUMOE 22 hrdtolEe] B EAl
Hek BuAg el outA 2AQl AR 2R e AT SEs B w@

|4 28] 2AME AR AR 7I2ARA S F3f FAAAA F2) s2E



ORAlOH S

— (UHE ZSHEZ 1A XA X[H X))
— b
=7lo|= - 20km
- | E—

7120|Lto|=

O (e IR UE S [Ty <) —
= I:Jilxl"ll?I- BB

'd?_l'

FRe 2E XXM =5

EAL

DRSS =Hof 202 A
E=52H Xaeh
AI&E E!-J —IE-I- ﬂ#l

He EA

4k mpaeE xcf 7o

ES 2 K| A2}

D um=ze cus wm
e e e e oo e e et o et o

3 =y =4
1487t D23 0|3
EE52H XA

AME ARE ol A HH
. 24y l &

ZAAX] M
A2 FAE#RI (2020,09.11./2020.11.18 )2 EHZ BX- Aty

ZBMEHOR T[sHof & £ BA

HE s oF 12~~130H & HOM ZIZ7IX| EES 28 4~ gis €5

Skt EE(otant 2y - 25 8) Of 2587F I T~Bixl 2SSt Sl ZSAOIA 2F 15km OfL

_ 4 1020 HEE e 2ERIE i MEYC| H0IE =ifsk=

X

h EAlo| wrag B

oF 2580t A M~SIXWIIX| X|& = 0|1nZ OF 2580 LA MASIKPIX| XIS & UAMSH HEot L2 @af 20|

(YMSIEIX] 42 g o)) EXMS0IUe A | HE220|/U=A S

4= 1 Sl Y & L= 2120 2EE ZAE, FX, JAX 2Lg)
X2 JbEHRE(2023.06.22)8 B2 HE- Ay

o = (]

®© FIAISAEL Almaty A/ 44 Z440f| Z|C 162 | 42 o4

W 62 182 A| A=0| wf=H

0| 2034~20350]| ZAPZA|RHE 24

9)

MA YA QIALO|E 2023.04.28., The Economic Times 2023.06.18.

FIAFS AER2 EEH Almaty A|HQ| Lake Balkhash 34+ £20]|
2|25t Ulken BR|0f| 21 S01 2= 2|2 A0l Z[cH 1209 (216X )I7tAQE A
O|2far MsH3.
2023 79 6 &g 7|F HME(1=2(=1,306%)

OFAJOF BRI 7IAF LHE(HE M) 2%

31



World Nuclear Power Market Insight
o FFAE AR o Y2 H o] AAH Y Gulmira Mursalova =72 Zp=r Y A4+ ¢4
A Al AEE st gl 718k Al Bk 52 e W 100~1209) EE7F 28" ZloR
of| gk

o

® 20204 7}A} & AEF Kassym—Jomart Tokayev Bl -2 2060 71A] &Aoo =
St B3RS WESHHA, 2035H7EA] A= oY A F Aol x| A v]FE

_;“—_17‘_
1202 e AT AT v 98

e 3, 20229 8Y FIREAE oA HE T HA AlqF €A A THAR BEHo|
AR 7R E A" B2 g Alof JA A Q] Irtysh % §99] Kurchatov A 92 A+

2 vt s,

FI2710, A3AM AL Lol S=at =2 S

ZAWYA 2023.06.22., UxC Weekly 2023.06.26.

B 68 22 UxCOf| 2 E|27(0]] A5 = A0 M3 Z4-da 2SI S= AAHE 35
A2t =2| SO0|H, 7A|AMQ! &M SHR|Z Thrace RS I HMZ Kirklareli & AE 29I
Zo= AHA,

* oA A AR AR 2] Sari Salih YA Tek YA 20530744 7|5 BE DAL
el 206wl 371 bl Ak asiol, A 4R LR g G A %

¢ 3 20234 4% 54 7ldl= &8l @7HA Sinopoll HAIE A2¥d A4 #d dAdE

e El2 7)o X235 B5 A2t Mersin FoA Rosatom?] VVER-1200 Akkuyu Y&
(& 4,800MW, PWR 47])& Ad Fo|H, 127]= 20240 FAHS A4S Aoz
o .



oot R

o U Zu ALY, SH0LRIHIM 27| THE 23

B - R 2023.06.29.

B 2E FRUH A2 68 28Y H7| FFE20M A3 Aehd alA S °H1f27f 3-457|
Vi

(Zf 1,700MW-1,137MW, BWR)0j| CHafl 2+ 2t E A2 27| A7tSS 2fsh =2

w I

e slul o7} 85 7)= 19879 T4, 457 19939 99 27 AP AL ARP o F1
AL 20141 2] 4571, 20154 69o] 35719 AFHAAE AR,

AP U ATHEOR St AR Algare] AZETHY Sg AgRuE 1o
sle)e = ASoletm waln, U X 714 WEol A% | AT 2ot AU g
9 94 9 3 e 9de Fasstdsitan 4ag

33



World Nuclear Power Market

INSIGHT

X HT S P U

Korea Energy Economics Institute

NHRETAIY

CIAIOIE

http://www.keei.re.kr

OIAXIAR AT H oA XA HAT 2R /
44543 StESAN FF S/t= 405-11

#



