ISSN 1738-3935 (Print)

New & Renewable Energy 2025. 12 Vol. 21, No. 4 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2025.0041

[2025-12—-IES—008]

M) Check for updates

sifle] SMR EAIEE ¥ THAM|LX|2}
SMR =3} 7|'='f Smart Net—zero City

Yongsoo Kim" - Chulkyu Park?”

Received 31 October 2025 Revised 12 December 2025 Accepted 12 December 2025 Published online 23 December 2025

ABSTRACT The Innovative Small Modular Reactor (i-SMR) is a next-generation integral pressurized water reactor currently
under development as part of a national R&D program. Designed under the philosophy of “Safety-by-Design,” the i-SMR
represents a new-concept nuclear power system combining structural simplification with fully passive safety systems. A total of
four reactor modules, each rated at 170 MWe, will be constructed and operated at a single plant site, providing a total installed
capacity of 680 MWe. Key components—such as the boron-free core, internally mounted control rod drive mechanisms, helical-coil
steam generators, and canned motor coolant pumps—are all integrated within a single pressure vessel.This integral design
physically eliminates the possibility of large-break loss-of-coolant accidents. The i-SMR incorporates three fully passive safety
systems: the Passive Emergency Core Cooling System, the Passive Auxiliary Feedwater System, and the Passive Containment
Cooling System, which can maintain both core and containment cooling for over 72 h without any external power supply or
operator intervention. Leveraging its exceptional safety, reliability, and flexible load-following capability, the i-SMR can serve as
a core energy source for the SMR Smart Net-zero City model, which integrates solar, wind, energy-storage systems, and
hydrogen-production facilities. The SSNC is an Al-driven energy-management platform designed to provide integrated control of
electricity, heat, and hydrogen, the essential energy forms for future smart cities. By achieving both enhanced competitiveness and
accelerated carbon neutrality, the SSNC represents a sustainable and innovative business model for the next era of clean-energy
urban ecosystems.
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Table 1. Share of power generation by energy source

Source

Nuclear | Coal LNG |Renewable

Others

Share (%)

32.4 19.7 22.9 21.6

3.4

JUTER=P

HH(mwh)

Clusters L2 TETAU

S

Fig. 1. Hourly generation profile
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Fig. 2. Structural configuration and coolant flow path of the
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Fig. 6. SSNC energy flow and optimization structure

A AL S aflo] Shtel 7IAAT whgste, A
A N2dlo] A £E kS fA5HES Alojsitt
A, AAE BACYAE SMRo| EA1] 7] 4RSS <

214
Ao s, By Fe 5 Aol A7 Rat v
of et &ejo] A ZAL. 74 2ot H3} el
wisfo] istol 2 H91o] £ Aelzk 24 AR, A

AZE M o] A5t
A, AR Al ARl He) kA el e
& oA AAA (ESS)el AFSIAL, S el 2
$3to] o e e ST SMReIA A4kElE
Gl i 541 A\l Ao, ol Ao i

.

ne

¢

AR dYo s Qg o] ':PﬂlL Aol z|ef
S4& GSIAL, EA | oflUA] A ES w0l A 7]
= YT

A, gk DA A= ARE ouA7E 48 20 uf
2t e, 4, i SR AR Hedr pas AR

96 Al ZHAol|AX]|

A8 E3) thA] Aoz AYRALE AL, AR08 o
Hrldos ZgEm 9% dous ¥ Foh
Ao 2 5ol BTt o] agof A A AR 7t
ofUfx]|&] 7HA, J&, =85S vlu EA5t0] 7P A1 A
o]aL BHaHEo] Z#: Z23s AHeke s A5 A%t
OO 2 | AoH] TA|of| A= AR A FekE AZ] of
HAZ7}F =A19] A - AR - ol Bl Y & thalRt =2
Aol Tt Fot e, Az 2w, 4 21 50l
A&EA 072 TA| AL gEmEo] ok A =
o] 2| - x7lo] SA| BAIEHL, o] mEW x5 F
3} SSNC= dll&A|o] 7]HHe] 2|44 3h53 of| | A 2-FA|
A|(Self—Optimizing Energy System)= 221514
A 02 SSNCO| ofufA] BF2 Thedt
O] e FLx27F ofye}, A Wf B o x]Ho
gkt 243t = =8k oY A] AYejA|(Circular Energy
Ecosystem) & ZI3}git), o] tx= ofv %] 41 2|43}
Shar, AAgou x| o] E48 85 Helsh, A ©helof <
A%k oY 2] At eagd A3 7 sHA gt

oy
S~
el
S o
u

S5t Els T2

4.3 SSNC 71812 SIS

SSNCO| Ade TY 7|9 837} ohe}, thefst
o Uz Hat a7t FE = ouA] e A7 7144
0= FH 7SI E TAF o g HEehe o g
allof gitt, whEkA] 71 A, A, A8, FhE0 R o]0}
= &A1 HZ(Phased Approach)o] E4ZFolch E3],
o] IAL FA A8y 291 i—SMR 7HHA| 2T} 71 3] AA|
wojof sl i-SMRE] AA|, A%, 23t /idTA oA
stH g = glo|E|e} 7|4 A TS SSNC #g- T dlof| s}
+ Aol Fasi

1A (7] A5 A oAM= i-SMRI} A4,

YA AAR(ESS), =48] Adu] 7ke] A7) 44 A5
31l oflU%] E5 A5}t XA Aol & 3k A darelE
S 7Rttt o] Al B i—SMR Aol A A
= G4y A, folag Aol B4, oEtdAE A
5 HlolElE &83to] thg Aol shte] B3 AlA
gog oty rog AEsh 4= 9SS AFH R FFdhe=
Aolrt,

2T A (A8 A

olN

Ao A= i—SMR A= W 324

X



_I9£

= Aol BH AT AU il AUPEAE 5 A
TRA Bl -G LS =3,

Ol% &f -3t e e, ﬂl"é AEg, i A A
7
o

At s
H7Fei, E*l ‘:PH OﬂLﬂZ] &%

W 229 EATL ALY ?-_1_
“ wele shggit o] T SMR-AAYO
YR|-A-g o] 55 /‘]CE“—‘% E/\] Auko 2 SAA)Z 4
Qe 7147 719wt FAll, i-SMR A g2t
AR A ofUl ) A TROE ofolA)i 74
A Ze a8 st TpAolc)
A SSNCO| T -2 vhr] & AlakR ok 23
£ A2, oA A3 71, AT 7 ) A

ule 31| %E}.
SSNC E%l—% i—SMR—%

a4 o) 2 3
SSNCE= XA Atz
5 ouA] A SUFOR WAL Aol

=R AR L Q)= i-SMRO| 8 AAIEA
A1} 31 Ao A9t SMR 714 thoket FLEkA: ofy
2| Qo] B3 o2 2H9E= SMR Smart Net—zero City
(SSNC) 7g-& AAIEFIE, SSNCE T Hhd o] o,
F5 HHARQI o YEo] shite] FAshe AlAHoR
Ao an EA| TR A 9 ofvx] At ehagES
Ao @At A= oluA] 29 sjzictelelct,

i—-SMR-2 =3t &4 5o & eofg-58 5 1

.(

-

3 SMR AAHEA 2! xHA0f|LHX|QF SMR =3} 7|Ht Smart Net—zero City

= A28 S8 282 4 Sle 7Ivke Al
ST, EQE i-SMR2 lulE QHAI S Bl o= 9
49 QE glo] A7t Wzto] 7hs sl E R, EAL AT
A Qo QPsHA A2l o Sl ik A

AgkA7IT}, 53] i-SMRO| xﬂ%s}% o}xgxq 7]x1§a4 bl
A4, 2] Aol o] v &9 TR 1
SFo 24 x| a8S Fsstar, oyA] YHlE 4
ﬂz:,—jl_/x q. 0]31—5}5sz _,,17(-]§]_,‘_?__ Eg}o XH,\goﬂLJ]X]

o] EPS BAstHA, A @919 ouA] AbES
Eole 4l BRECR V15T 4 9ok

EZF SSNC= Thmgh T4 el dof, A -5+7 -4
olelAllE] T thRt ks B weldls A5E =Al 9
UA EE o2 sgd 4= Qi o] A g F e
FolaL, Ao W Bk AYe] AeA 295 78 o
o] FAtUA] eHdstel HeAE F4d ol 7]ofgt
ok, Yo7k, SMR-APY NI A4 F o] B3 dAl= =
7P XF‘%H SaFE AR AN Ak derel] glod

47 SENCS] A2 SIS i-SMR A ASla e
sfol, AZEHAOIA Sl 941 Hlolejet dae By
2 28 A3} Ao} AmelEe] s} £ A E
Fo) Hz8h B4 48 wHe] 2o YEY HAP}Las

il

o}, E3t 71&A A4 a7 A18]2] 84 WA=
A9, =t 15 5 vk A o] Tk or wiE
oo} g},

R
oLIA19] S 358 7S She A oA &
EYEOR WAT Aot} i-SMRE FHOE ¢ SSNC
G3to] ofyz}, A&7158k oy A] Ao

A S AN A BaSY A AT A7

2025, 12 Vol.21, No.4 97



BIE sAlol A 5 Qe 2R dEtileR

References

[1] Ministry of Trade, Industry and Energy (MOTIE), 2025,
“The 11th Basic Plan for Long-term Electricity Supply
and Demand (2024-2038)”, https://www.motir.go.kr/kor/
article/ ATCLc01b2801b/70083/view.

[2] Shin, J.J., and Kim, C.H., 2024, “A Study on Reinforcing
Technology and Industrial Competitiveness for Small
Modular Reactors (2/3)”, Korea Energy Economics
Institute (KEEI) Basic Research Report 24-20, Ulsan,
Korea.

[3] Park, S.J., and Shin, H.Y., 2023, “Inertia-Constrained
Unit Commitment Using Net Load Pattern Generation
through the DTW-based Clustering Algorithm”, Trans.
Korean Inst. Electr. Eng., 72(9), 1002-1011.

[4] Ministry of Trade, Industry and Energy (MOTIE), 2023,
“The 10th Basic Plan for Long-term Electricity Supply
and Demand (2022-2036)”, https://motie.go.kr/kor/article/
ATCLc01b2801b/68162/view.

[5] U.S. Department of Energy, National Energy Technology
Laboratory (NETL), 2020, “Global Energy Outlook:
Long-term Energy Demand and Population Trends”,
DOE.

[6] The Climate Group, 2024, “24/7 Carbon-Free Electricity

98 Al xHAol|AX]|

(8]

[9]

[10]

[11]

(CFE) Campaign - Climate Group launches 24/7 CFE
coalition and standards”, Accessed 27 October 2025,
https://www.granular-energy.com/insights/climate-gro
up-247-cfe-coalition.

Deloitte Research Center for Energy & Industrials, 2025,
“Nuclear Energy’s Role in Powering Data Center Growth”,
Deloitte Insights, April 9 2025, https://www.deloitte.
com/us/en/insights/industry/power-and-utilities/nuclea
r-energy-powering-data-centers.html.

International Atomic Energy Agency (IAEA), 2019,
“What Are Small Modular Reactors (SMRs)?”, IAEA,
Accessed 27 October 2025, https://www.iaea.org/newscenter/
news/what-are-small-modular-reactors-smrs.

Ministry of Trade, Industry and Energy (MOTIE), 2024,
“Enactment of the Distributed Energy Activation Special
Act Including Small Modular Reactors (SMRs)”, Press
Release, June 14 2024.

World Economic Forum (WEF), 2023, “Governing Smart
Cities: Use Cases for Urban Transformation”, World
Economic Forum, Geneva, Switzerland, https://www3.
weforum.org/docs/WEF_Governing_Smart_Cities Us
e Cases_for Urban Transformation_2023.pdf.

Korea Institute of S&T Evaluation and Planning (KISTEP),
2022, “Pre-Feasibility Study Report on the Innovative
Small Modular Reactor (i-SMR) Technology Development
Project”, KISTEP, July 28 2022, https://www Kkistep.
re.kr/reportDetail.es?mid=a10305070000&rpt_tp=831
-003&rpt no=RES0220220131.



	혁신형 SMR 설계특성 및 재생에너지와 SMR 조화 기반 Smart Net-zero City
	ABSTRACT
	1. 서론
	2. SMR 활용 필요성과 의미
	3. 혁신형 SMR 설계특성
	4. SMR Smart Net-zero City (SSNC)
	5. 결론
	References


