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1) International Atomic Energy Agency, Advances in Small Modular Reactor Technology Developments:
2022 Edition, Vienna: TAEA, 2020, pp.15-19.

2) Alfred Thayer Mahan, The Influence of Sea Power upon History, 1660~1783, Boston: Little, Brown
and Company 1890, pp.29-35; Halford J. Mackinder, “The Geographical Pivot of History”, The
Geographical Journal, vol.23, no.4, 1904, pp.421-437.

3) Daniel Yergin, The New Map: Energy, Climate, and the Clash of Nations, New York: Penguin Press,
2020, pp.56-63.

4) Dorte Ohlhorst, “Germany’s Energy Transition Policy between National Targets and Decentralized
Responsibilities”, Journal of Integrative Environmental Sciences, vol.12, no.4, 2015, pp.303-322.

5) Daniel Deudney, Bounding Power: Republican Security Theory from the Polis to the Global Village,
Princeton: Princeton University Press, 2006, pp.214-219.
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6) Joseph S. Nye, “Power and Foreign Policy”, Journal of Political Power, vol.4, no.1, 2011, pp.11-23.
7) Mahan, op. cit.,, pp.29-35.
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8) Mackinder, op. cit., pp.421-437.

9) Nicholas J. Spykman, America’s Strategy in World Politics: The United States and the Balance of
Power, New York: Harcourt, Brace, and Company, 1942, pp. 43-48.

10) John G. Ruggie, “Territoriality and Beyond: Problematizing Modernity in International Relations”,
International Organization, vol.47, no.1, 1993, pp.139-174.

11) Deudney, op. cit., pp. 217-220.

12) Ohlhorst, op. cit., pp.102-110.
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13) Daniel Yergin, op. cit., pp.56-63.

14) International Atomic Energy Agency, op. cit,, pp.15-19.

15) Raymon van Dinter, Bedir Tekinerdogan, Cagatay Catal, and Bilge Kaan Kuzu, “Predictive
Maintenance Using Digital Twins: A Systematic Literature Review”, Information and Software
Technology, vol.151, 2022.
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17) Ibid.
18) Van Dinter et. al, op. cit.

19) Ik Jae Jin and In Cheol Bang, “The time for revolutionizing small modular reactors: Cost reduction
strategies from innovations in operation and maintenance”, Progress in Nuclear Energy, vol.174,
2024.

20) Ibid., 44-46.
21) 1AEA, op. .
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22) Ken Langdon, “NuScale Small Modular Reactor(SMR) Overview”, presentation at the INPRO Dialogue
Forum on Opportunities and Challenges in Small Modular Reactors, Ulsan, Republic of Korea, 2-5 July
2019, International Atomic Energy Agency(IAEA), https://nucleus.iaea.org/sites/INPRO/df17/1V.5-KenLa
ngdon—NuScale.pdf(3 4 2025.10.10).
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W, 7]% Ak AlelHERE 7S FReth o5 VeSS 8 AlE (techno—trust)’
2 N 7R s, AFSMR A|2=]le] 4315 (nteroperability) & 45782 wi7)
=2 g8ttt v gAY (G, 2AlehS A TIsAEA 5ol HEetH, A
SAle] Al dlolejdly 2 #HHY Fe-= AAE +99th 53] 52 Y
TA(digital nuclear sovereignty)” 7HdS A o7 AAshe], Al 2oL
Bl &% &5 AlghstaL Sirk ol2fgh AWt s A x4
ol opd “7]& 79 W (techno—alignment)’ 2] AJthZ2] o]3S
AR, SMR-AL 7|2 oAUA rHe A3 3 A% BAS Zegth. SMR-AI 8%
& A oA Az i AAE ATAdskal Sk IAEASH OECD-NEA= 2023

N
i
o
5Y
o

L

AEE ‘Al AEA-BEHA] QRS Ao 3 FE Y =oE _7'|:7‘<_]*5‘}qu Al 3}
P Aol B FAFEL vhIska qlek P delel 2s A3 BES
AzaRe W, EARe AS A1 SAe) AN BN FAskn o,
WA BoATIeI, ol e hew A)ExEe] AelE Wel, Al A A
S, a4 ) A, A o o) 35S g,

Axr SMR-AL 719 gake 271 7 7R3 HEAAE Sed A4S 457
, o] 3F A LX) 7] F-(EA-TAEA-OECD-NEA) 9] F-x0l| % J3kS n| & 7}sA]
o] &t} F SMR-Al 82 V&AL A ol TEXAA] A 024 2147] o
U AAste] AR H5 A8t Atk o 71%% A THe AHE dol,
ol FA-7lEEW-ATHE Feld 5314 AYAAY] FAldl A glom, o= A7

Hox Hpie-tiFAg T P24 vaE za@ 7bsAel anh

H

V. SAIE-hSAE = & SMR-AI = v

1. SHYMH -CHEME = & SMR-Al Z2f H|uw
1) O|=: NuScale B4l9| ARsl-=5| sl ™k

n3e SMR-AL §3 2ol 7144 AxA HE 07, NuScale Powere] VOYGR
SRAES FAog 488l 4 EESE Wasa k29 NuScaled 20204 89

23) Yergin, op. cit., pp.211-220.
24) US. Nuclear Regulatory Commission, “Design Certification = NuScale US600,” NRC, https://www.nrc.gov/rea
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n)= A2 A 998 (NROZHE 50 MWed 288 AAle] tidk A7491%(Design

Certification, DC)S #H %2 853}0], SMR 7|%9] oA T} AEEE FAAoZ QA

Hholt} 25) o] % AFe] RElel VOYGR Alg]|ZzoAE BE 288 77 MWe= A3 24

ataz, 20231 1o)== VOYGR-6(67) B )0l tidh 574751 (Standard Design

Approval, SDA) 213& AlZ&31¢lth. NRC 20259 59 #lF AA7E 44 84& 35
= o)

b= #F oPdH7FR M (Final Safety Evaluation Report)E <1814, NuScale
SMR sZofellAl = o A ¢bd 187F mel 2] vid Pek20) o)== SMR 7]&o] A
SHAIE Hol 483t mHed Y-S omlgit

NuScale®] A71= 71& iy A oiv] 2pdesh Y243 Rast 725 A9 24
A oA S Fratglom, o7l Al 7|9t o5 4] (predictive maintenance)9} =% 4
SHoperational optimization) 7] ZAggrozA &7 G8AY HHS FAlO Al
gk = A AMTE sk &k, o, A £ dolHE ADF AXRE #
Aato]l 1 NS dS- Aoz HAE FAE Haststal, ot Wso] wet A
5 F71eF &9 AldE Asekeith2) olygk AI-SMR &% Al&ERE wa o yx]i
(DOE)7F A dsh= ‘Al 2134 75 2 obdA (Verification & Validation, V&V)' B2~
EWE 22098 YolA HEEa glom, 9 QG0 Al A&38h7] gk A4 Als
719S gAskar 9Irh28) DOEE IAEAS OECD-NEAS geste] Al &8 AA9] 7
< B st AAf 3FskE Festal glow, olE FE w=A oAl TEdAAE =
AgFoZ 7l o FEstal itk o]k M= NuScale®] st =93
DOE?] A%z Fr88 ZAgslo], SMR-AI 7]&S A3} 7153 71&9@ o)A 5+
& FEshe 7IEAA R FFehe Aotk &, vlwme A= Vel Adster 229 4t

}_.

(3

ctors/new—reactors/advanced/who—were—working—with/past—license—activities/nuscale.html (1 & 2025.

10.15).

NuScale Power, “U.S. Nuclear Regulatory Commission Accepts NuScale Power’s Standard Design

Approval Application for Formal Review,” NuScale Power), https://www.nuscalepower.com/press—rel

eases/2023/u.s.—nuclear—regulatory—commission—accepts—nuscale—powers—standard—design—approval—a

pplication(Z1 44 2025.10.15).

NuScale Power, “NuScale Power’s Small Modular Reactor (SMR) Achieves Standard Design Approval from

U.S. Nuclear Regulatory Commission for 77 MWe,” NuScale Power, https://www.nuscalepower.com/press

—releases/2025/nuscale—powers—small-modular—reactor—smr—achieves—standard—design—approval—fro

m-us—nuclear—regulatory—commission—for—77-mwe( 4 2025.10.15).

27) Langdon, op. cit.

28) U.S. Department of Energy, Office of Nuclear Energy, “New AI Tools Could Save Constellation
Reactor Fleet Millions”, DOE, https://www.energy.gov/ne/articles/new—ai—tools—could—save—constell
ation—reactor—fleet—millions (14 4 2025.10.15).
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2) &= OXIE Ed 7etel =4
472 Rolls—Royce SMR(RRSMR) Z2ZAEE FA o2 SMR-AI §8& A= H
S} oflyA] ¢tHe] fFoR FZIskal glth. RRSMRE “Agolx|vh ¢hdgh whs
(Small yet complete power station)”& EX=Z s, 252 it oxd A7 &
A AxFA-UARIE-FES W & s @stE= w7hdEre] d4]o|t}.30

o

=5 o=

r

O oA" EQ 2 254 A% gl
Rolls-Royce SMR& 34 7]ike] o Azks) @4 291 3418 A8 2858 Az
A A (modular manufacturing)® st o} o] Fxo] ATA FAL ), 2022

3 Digital Engineering Strategy, 7F

A A AA S AlEdoldst, &1 @Al = AS5A Y] (predictive: maintenance)

’

o} 74 #4sHoperational optimization)& A|t}32) gk RRSMRe| Al A|~El
ZPF AMd2(Platform Governance) 7-% dloll ®iFstd e FE9 Az 359
S AAIRE A o)mA ZRAES I oS54 vE ga&4do] UF g, H
S A A AAE e 7MY b5E 1A VIS AlTE ¢ Aok oleld AT
4% dA" #2AAE RRSMReO] bedk datz Alz7]de] ohdet dloly 71wk A
Z EPF V1Yo R el s HoErh3d)

@ 22 FHY A §4 A
97 AR RRSMRE weedt ouA) 7)) ohdl, 24 333 A sne &
gata ek RRSMRE 3% W F3e14 oF 00%¢] W& 352 A, ol a9

29) OECD-NEA(Nuclear Energy Agency), Benchmark on Artificial Intelligence and Machine Learning
for Scientific Computing in Nuclear Engineering (NEA/WKP(2023)1), Paris: OECD-NEA, 2024.

30) Department for Energy Security and Net Zero, Civil Nuclear: Roadmap to 2050, London: Depart—
ment for Energy Security and Net Zero, 2024.

31) Rolls=Royce SMR, Rolls—Royce SMR Design Overview White Paper, Derby: Rolls~Royce SMR,
2025.

32) Ibid.

33) OECD-NEA, op. cit.
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ZRAE fdFow FEshe RAS AEUFoRA Sl A=A Y 725 G
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4 rEa§3AHUK Export Finance, UKER)E &3 FEa§ -5 AYS ddsta
JoH, RRSMR Z2AEZS o|u 3 A A Fros ggsial girk3d o]
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F=re] SMR-AI Agfe AR &3 Holk
e gHEE gk AUKUS(EF—%=-1=) 5™
At ESE & Hd 719 oF N As
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A4S 9 Ale|HBSE 3 st Al

SokaL, A T4 Al-dA 7 T
G TG kA e] 23 A xR Aheth
WS AR E, AlSt HAY V]med deirs GAT BeR AR VS A8Se
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A= RRSMRE A A-9wA A-<tw g o] S3He 7s=7t ] JHdow, o
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34) UK Export Finance(UKEF), “Written evidence from Rolls=Royce SMR (IND0024),” UK Parliament,
https://committees.parliament.uk/writtenevidence/137672/pdf/ (A 2025.10.15).

35) Ibid.

36) Prime Minister of Australia, “Joint Leaders Statement On AUKUS”, https://www.pm.gov.au/media/j
oint—leaders—statement—aukus(F 4 Q: 2025.10.15).

37) Wyatt, A., “Towards AUKUS Collaboration on Responsible Military Al and Advanced Capabilities”,
RAND Corporation, https://www.rand.org/content/dam/rand/pubs/research_reports/RRA3000/RRA3
079-1/RAND_RRA3079-1.pdf(HA < : 2025.10.15).

38) UK National Cyber Security Centre(NCSC), “Guidelines for Secure Al System Development”, https://www.ncs
c.gov.uk/collection/guidelines—secure—ai—system—development (2 : 2025.10.15).
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@ AI Safety Validation Platform®] <3t

JEZ-ARH7]FHJAEA) 7} 2023A5H 9 51 Al Safety Validation Platforme SMR
A R gell A8E Al A28 AEda SHAS dSet] 91 71sA Qlzelol
tha0) o] ZHAEZL - Nk TP AlEH O S0l B F v & Al

S5 Adste], Al Alo] daelFe] o9 A oF WA JFeAdSs AT 59
o= AR ofele S AlaL AEel: WA 4, 54 9 de)S HA
g EQ wdlg mARlo 24 o= 4] (predictive maintenance), AH&-8-7(autonomous
controD ] MFFAAE HIFsTEAD A Hxe Ale] AW 7lsAd (Explainability) €HH.0]
oh A2 AR ARAL o] o QbdAdel thdk WA AlF 35S HeHd ¥
A= Akl glom, APREAAEEMR) Bl E AlE b4 Bt =R E-8ete
Waks Askebal itk JAEAE UAE 7eS @88 AA- W74 doldE e % #
gobe= AlAE TS Flekar glom, Axbe A LB (NRA) A Al 28 Al
7F/d (Explainability) # A% &2l gre] oAde Fxstal Atk oldd A&
sty AR FRA AR A 8 s A 5 oA A

S HojFEr)42

N
18y of

2

@ 7149 AR1A 583 S A 5%
FRA} AL olF QB A A4 okdel Uid He B A ol &
AL SMR 483He] 4T o178 71%0) $-9Auth A81A S84 (ocial acceptability)
o AAst N7 A BUHLE

(e

39) Japan Atomic Energy Agency, “Annual Report Japan Atomic Energy Agency 2024 (Business Report
FY2023)", https://www.jaea.go.jp/english/publication/annual_report/2024.pdf(F3 <4 : 2025.10.15).
40) Masaaki Tanaka et al, “Development of element functions and design optimization procedures for
knowledge— and Al-aided advanced reactor lifecycle optimization method, ARKADIA”, Mechanical

Engineering Journal, vol.11, no.2, 2024.

41) OECD-NEA, op. cit.

42) BEARET AR FERJAEA), T20244F BRI E (RS FY2023)5, S0 JAEA, 2024; JETJi#l
HZEESINRA),  "FEHEAHER T2 I T 2R AN TRV IR, o NRA,
2023; HNEEET, TETREMIBILT VB0 RHEEH TR OMRE, THARET s
Wb, H05% 125, 2023.
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A} ob(absolute safety)’ F@Q] Feto @ SHEHTE4) Al E31S SMRe
QHAA (passive safety)S BeEIH, 94 HlolHE FusiA st 9% 7
go=m diFe] 28E ATFFE JAEAT® SMR &9 #AdA AlE *
g 7)%o) A AES 98 71Ed 71EY Bt 432 dAKow Rusta ¢
AT Al daks v BuME Faf e 4 ARk A 54
o ol Ry ek Webd A% g A %o dilon wa, A5 4ol #A4
TS 9% AT} o= sslar Q4 o) A A ]E Ao W
oA} ‘A Al 8K participatory regulation)’ 29| F3hS A|m=gh Alg o]t

o of\
o o rfz

1

st
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B 2> oo oo
>._4
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Q@ FATEHT 2 7= FEUA
YR A=e] AFAAE AR E1A717] 98] = GE-Hitachi(GEH) 9+
< Sl 7l 9 qtAlxst deRs Waskal otk GEHZF i 591 BWRX-
300 SMR ZgAEo] Ui 7| (JAEA-S[EFA] - R|2AH|A] F)o] FFofshA, wl=re] f4]
B3 22 3HUe E8shs 3N 83t Bdo] 7EHIUTEAY) o] FEe 7]
9] FE/IERE ofue}, A2 Al 715 ZHAYAE TAYAE 7 FTAFA) 2 OECD-
NEA®] f#]|z38HRegulatory I—Iarmomzatlon) =odll wedslr] fle deEFg dyto] #
U2 Y 3 vFAE 9 b S sk A AEE ek, 3% 4
A 7 AS SAE 848 BN Bok AR 98s '3 F e R
W7rEThAe) = dES FHAAL o] Fe] V) BAlS AT AEsf et =
TP = S8t skal o, o]E F8 SMR-AI b 1] =S 7%
7 A (normative leadership)S &35l skal

o
d

=

2. LHEAZIQ] SMR- Al 22 : 7|SF 2D T AHA|
1) B2 O YR EE Pel xel

-2 Linglong One(ACP100) Z2AEZ E3] SMRI} Al 7]&S 28, oy

43) JET 7 T (NRA) T 750 BR300 N THROB A ARSHA R (Technical Note NTEN-2024-10
02)s, # :NRA, 2HI6(2024)49H, p.4.

44) Japan Atomic Energy Agency(JAEA), "JAEA-Review 2023-012: /N7  REMBHFBIR—R~<v 7',
H C JAEA, 2023,

45) AARJET S FEEJAEA) JAEA Review 2024-040: /NUEZ2—/U (SMR) R R 7S B Beffre
FERAIOBR . Fa  JABA, 20244E, p.45.

46) James E. Platte, “Exporting Nuclear Norms: Japan and South Korea in the International Nuclear—
Energy Market”, Journal of Indo-Pacific Atfairs, vol. 3, no. 2, 2020, p.133.
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@ Linglong One?] 714 2]2](ACP100)
Linglong One Fo AR WG-3AHCNNC)7F S4F st 28 719174423 (SMR~

PWR)C. 2, 20213 7¥ &to|vhd AHETD) AAETAL HEAoM ZAFH o]F F9

7171 AR s} As S dAZE AEH R AdEe] gtk CNNCe afg Z2AE7F 2025
WS Y RS SRR el vl whAlel slvkar g wh lrh4s) 20254 10
4 F8 Al ARl AL7SARS AeAom dnglon, dAl ds A 2 Y
LA A% &5 GAES Jdtal Jrhd) ol AAl Hxo A 1A Gl 19
g SMR Z2AE F shtz, Fxo] A 7] ofFskA @i A AA-Ale]- 1A
A FGE A or Fastar 9SS A3 Linglong Oned il UAE ASA
oJ(I&C) Al=83 Al 7|9F &4 BRERES SAE) &4 2845 S It
Al AA ElolHE o] &3f A AS(EZA, o, 23S AARE RUEYstaL, v

1 a =
2&E 270 A S AFsAelE esich ot bk A4 (autonomous operation)
GAlelli= o]24] etom dAE +4Y HE FA FEH A5 8Ksemi—autonomous
control) Tl M=aL Itk F, T=E& AU=TE qfAl 71Nke] Al HASAAE WA
E=
[e)

sl A5 92, Aol 94 AEud @4 458 B9 49 549 /1% 38 ¢
AAska ek

@ YAd A F4'3 ol EAl
= SMR o] AL fxd F=A(digital sovereignty)S WAIY 9 ASAof

47) XU Bin, “CNNC’s ACP100 SMR: Technique Features and Progress’, CNNC Presentation, https://nucleus.i
aea.org/sites/INPRO/df13/Presentations/011_CNNC%27s%20ACP100%20SMR-Technique%20Feature
$%20and%20Progress%20in%20China.pdf (FA4: 2025.10.15).

48) China National Nuclear Corporation (CNNC), “World’s first commercial on-shore small reactor sta
rts construction”, July 14, 2021, available at: https://en.cnnc.com.cn/2021-07/14/c_1023245.htm(acc
essed: 18 November 2025).

49) Global Times, “China's 'Linglong One' small modular reactor completes key cold performance test”,
https://www.globaltimes.cn/page/202510/1345805.shtml#: ~:text=China%20National%20Nuclear%20
Corporation%20(CNNC)%20announced%200n,its%20fuel %20loading%20and %20future%20commercial
%200peration. (1Y 2025.10.25).

50) China National Nuclear Corporation (CNNC), op. cit.
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Y A F FolAlol, 5, opresl SoRl £5% Aty glov, olF &
s A% SMR-Al B2 22 Al Sl S5 o dzke dedt oA
B FEL dol, T34 )& AMds BAL FATE A disten Axse s
474 owE ol gt

51) ExRAeR, “Bl—5amREE A ERUS3)", https://nnsa.mee.gov.cn/ywdt/hyzx/202405/t2024052
3.1073935.html(HA Y 2025.10.15).

52) ExigAR, “hEZE  InPuE S R % B TR E R R, https://nnsa.mee.gov.cn
[ywdt/hyzx/202411/t20241120_1095741.html(F3 A< 1 2025.10.15).

53) China National Nuclear Corporation (CNNC), “World's first commercial Linglong One onshore small
reactor starts construction”, https://en.cnnc.com.cn/2021-07/14/c_1023245.htmGEA Y 2025.10.15).

54) Futureworld, “China wins the small nuclear race: First true small modular reactor connected to

grid, leaving America behind”, https://futureworld.org/mindbullets/china—wins—smr—nuclear—race/ (31
A 2025.10.15).
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ZlAlofe] SMR e H= a3 S| defd Fael 7|wkste], B4 A4
3} AHAe 2¥ARES Ba) gk AdEgn A gela E28E(NSR) 24
5 Sl silehs RIEEE ouA] 1xekE FESE o 23S Tl AThSY

@ RITM-200 Alel=h % g1t}
eAlok %9 94 719 2AHERosatom) & A Aol @A FA% 4 24

Haal dape whd 2ol ‘olgbde] R A E(Akademik Lomonosov) S 9331, o]

222209 A4 Al el RITM-200 A &% 7}%L7§$E<SMR>7} %LXHEM
558 = (Cenepupiit Mopckoit myts)e] A5 2t SAG ALNLS 9 A HE
S AFe}S?D RITM-2002 EAloF OKBM Afrikantov7} AAISH 38 717
(SMR) 2%, °F 50 MWedF (&= 165 MWt, #7159 53 MWe)9] &9 7141, ¢
Alop A /5 a8 Ao AHEE AAE M+ Ald APEEAA R
B9 ol Bed oud B A%l ohle W sidel s £3-TAF 71438
AE AR 5 edlotel B 74 3w k) 4 a9,

L
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Atk o] AXEE S 2k, e A, dE 23 T AXRE HolHE Fste] WA
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8L IAA o m=olE= Al 7|9k oS5AR] 2 4 HA st JidS Aestd

55) Merkulov, Viktor, Nikolay Didenko, Djamilia Skripnuk, and Sergey Kulik, “Analysis of Small
Modular Reactor Technologies and Socio—Economic Aspects of their Application in the Russian
Arctic in the Era of Digital Transformation”, E3S Web of Conferences, vol.402, 2023.

56) Nuclear Engineerning International, “Akademik Lomonosov begins commercial operation”, https://w
ww.neimagazine.com/news/akademik —lomonosov—begins—commercial—operation—7938482/ ?cf—view (3
A 2025.10.15).

57) World Nuclear News(WNN), “Nuclear Power in Russia”, https://world—nuclear.org/information—libr
ary/country—profiles/countries—o—s/russia—nuclear—power?utm_source=chatgpt.com(f ¥ : 2025.10.15).

58) International Atomic Energy Agency, Advances in Small Modular Reactor Technology Developments,
Vienna: [AEA, 2020, p.57.

59) Ibid.
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[ Abstract )

SMR-AI Convergence and the Reconfiguration of Energy Geopolitics
. The Maritime—Continental Power Divide Revisited

Kim, Hyunjung * Kim, Daejung

This study examines how the convergence of Artificial Intelligence (Al) and Small
Modular Reactors (SMRs) is reshaping 21st-century energy geopolitics. The SMR-AI nexus
transforms the spatial distribution of power and the hierarchy of technological regimes
through the intelligentization of energy production and control. Reinterpreting the classical
dichotomy between maritime and continental powers through technological geopolitics, this
study compares their strategies across three dimensions: technological regime, governance,
and normative strategy. Maritime powers (the United States, the United Kingdom, Japan)
pursue an open-validationnormative export model based on open systems and international
verification, while continental powers (China, Russia) adopt a closed-proof-sovereign
control model emphasizing autonomous operation and data control. This dual structure
reveals a paradoxical order of “physical decentralization and digital concentration.” Ultimately,
SMR-AI convergence links energy, technology, and data into a composite power system,
transforming the maritime—continental divide into a competition of technological regimes

and accelerating the reconfiguration of global energy governance and normative rivalries.

Key Words : Small Modular Reactor(SMR), Artificial Intelligence(Al), Energy Geopolitics,

Technological Geopolitics, Maritime Powers, Continental Powers.
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