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A Study on the Current Situation and Necessity of Nuclear Powered
Ship
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Abstract As the degree of environmental regulations in the marine sector increases worldwide, research
is being conducted to replace ship fuel from fossil fuels to eco-friendly fuels. As alternative fuels for
ships, nuclear power, LNG, ethanol, ammonia, hydrogen, and electricity can be considered, but this must
take into account the emission of greenhouse gases from production to consumption. This paper studied
the status of nuclear-powered ships along with the characteristics of alternative fuels and the necessity
of nuclear-powered ships in terms of environmental regulation, economic feasibility, and changes in the
operating environment of a ship. LNG, ethanol, ammonia, hydrogen, and electricity produce greenhouse
gases in the production and consumption process, and some are suitable for low-power ships, but
nuclear energy emits a very low level of greenhouse gases. In addition, nuclear energy was found to be
economically superior to other energy if it was operated for more than 11.8 years. Recently, attempts
have been made to use the North Arctic Route, and nuclear energy has an advantage over other energy
sources to withstand this extreme climate. In the future, this study can be used to establish a long-term

roadmap of the marine part, and related technologies, laws, and regulatory standards should be studied.

Keywords : Nuclear Powered Ship, SMR, IMO Environmental Regulation, Greenhouse Gases, Alternative
Fuel

*Corresponding Author : Junseop Jang(Hanwha Ocean Co. Ltd.)
email: gojangjs@naver.com

Received March 18, 2024 Revised April 3, 2024
Accepted May 3, 2024 Published May 31, 2024

322



QAR A A3t woAol ot a7

1. M2

20219 1290] Iy By BeARY] AR}
AT FTAAGANA A N F 5 T Thet 2of
29| A& &8 HE Fo Ao

A1l FEuElE A4 957 £29 97 3399
7H 2L Qlom APHEDHA(Small Modular Reactor,
SMRYE 7Hdstal Qlal AP I&ER, 2ULTMAR
H 71& SEE B0 22 97 Aol A=
Q1 gk o] Yol Estal Qltk AReA= 20224
9d = SHEFAAC IAEE T 2
IRt em 22 o 10€¥€o= 124 7HdEe 5
SIHE At AARE ZTAA FRck= 5 9A4E
71&7do] g=S ¥ QloH2).

A AAA L 2= 7]1293lo] th-3st7] f1gt ko] A
3 FolH 2A7IA HiETF FollA] AW oF 2.9%F At
A8t Qe iRk GA| FAEFAY FErt I =
ofA| 2L Ut}3]. olof H-g5t7] sl thkst tiA AEE
o] A=Al 9lor 7|1 IT-ofA YA oA
&8 E3F HEEoloF & Aot} AR AUA= SA
ol A2} o|=] o] EokollA A ARE tASI] T
gk A7 Sl et olvA¥olar TOE(Tonne Of
Equivalent)ol] thu]gt o x| o] B53] $<=oto] A=
H7} 71802 dEs o] urH4l aA=E AL
gt H9) HAEE weke g 5~7d 9% 4= glom ¢
E8371 glo] 3& FAE ° Eol & £ A= A
7HA 3L SITHA].

2 A9 749 a3t At} 280 E S A
o] 7hsgt Aug HiA A=et 3 YAEA B Vs
AYS 7lestilon, 3o A=A e 8
4 AEE 9ls IMO ¥ EUY] &4+A &9, o4& 4
AARS] FAE &9 v, 2 Aut 2830 ¥
3} SHOA HESIAH. O 4oA= A+ At
o AAZ A&tk

2. O g2 U XM 7|&8E

2.1 HiH| Sz 7|

7129 dEs AT A8 dE= LNG,
s, o4 9 A7) 5] 9o 7 dmd
3% Table 13} Zth

o,
3t
o
9

I g
ox
o :

Table 1. Characteristics of alternative fuel of shipl6,7]

Fuel Characteristics Vol.

- 90% reduction effect of fine dust, 99% effect of]
sulfur oxide, 80% effect of nitrogen oxide, 20%

LNG effect of CO; compared to diesel. 1.65

- Shipbuilding cost is high, but heat generation ig
high and fuel cost is low.

- Since produced from natural gas, CO; is
generated from WtW wiewpoint.

- CO; is generated during combustion in a ship.[2.39

- Biomethane is twice the price, mixed with
diesel so CO; is generated.

Ethanol

- Fuel itself has toxicity and corrosion problem.
Ammonia| - Low ignition and high nitrogen oxide(NOx) [2.72
emission

- Difficult to handle due to low liquefaction
temperature(-253C) 4.46
- Difficult fuel supply and low energy density

Hydrogen

Electricity| - Limited battery capacity and expensive cost -
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Fig. 1. Leakage sources in ammonia propulsion

system[7]
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Table 2. List of nuclear powered ships worldwide[4]

. . Launching- Speed| Thermal
Ship name | Narion dismantling Length| (kts) Reactor | power
(MW
Savanna USA  |1962-1977| 181 |20.25] PWR 80
Otto-han |Germany|1968-1982| 172 16 PWR 38
Mutsu Japan [1972-1996] 130 |16.5| PWR 36
Lenin Russia [1959-1989| 134 | 18 |30K-1503x95
Arktika Russia |1975-2008| 147.9 | 20.8 [20K-900A|2x 135
Sibir Russia |1977-1993|147.9| - [20K-900A[2x159
Rossiya Russia 1985- 150 7 |20K-900A[2% 159
Sevmorput | Russia 1988- [260.1| 20 | KLT-40 | 135
Taimyr Russia 1989- |151.8| - |KLT-40M| 171
Sovetskly | picsia | 1989- | 148 | 20.6 2OK-900A12 159
Soyuz
Valgach | Russia 1990- 150 | 18.5 |[KLT-40M| 171
Yamal Russia 1993- 148 | 20.6 [20K-900A|2 % 159
SO Lyet | plssia | 2007- | 160 | 18.6 [20K-900A[2x 159
Pobyedi
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Table 3. SMR under development worldwide[4]

Design Company Country  |Type| MWe
IRIS Westinghouse USA PWR| 335
mPower Babcock & Wilcox USA PWR| 125
NuScale NuScale Power Inc. USA PWR| 45
SMART KAERI Korea PWR| 100
KLT-40s OKBM Afrikantov Russia PWR| 35
VBER-300 OKBM Afrikantov Russia |PWR| 295
PBMR PBMR(Pty) Ltd. South Africa| HTR| 165
HTR-PM |Tshinhua INET & Huaneng China HTR| 210
GT-MHR Genaral Atomic USA HTR | 286
4S Toshiba Japan LMR| 10
HPM  |Hyperion Power Genaration USA LMR| 25
PRISM General Electric-Hitachi USA LMR| 311
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Fig. 2. Forecast of ocean volumes worldwide
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Table 4. IMO interim inspection indicator of
greenhouse gas strategy[13]

Sort. Contents

By 2030, reduce annual greenhouse gas emissions
of international shipping by at least 20% and try to
reduce them by 30% compared to 2008.

By 2040, reduce annual greenhouse gas emissions
of international shipping by at least 70% and try to
reduce them by 80% compared to 2008.

Consider the entire process of ship fuel(WtW) that
is greenhouse gas emissions from the production to
consumption.

Indicator 1

Indicator 2

Indicator 3

325

247k 7|0 HiE) 'A E O 0]9]9] 7EAQIZF
off s 7ol tidst o, oliksteta ojejofe )
e 9l ojilshd A Sk AER SAVEAR AAHIU
R oo A=A M€ B e IMO2 A=f
FESHA ¢k& Zolv Hf 59 &= /i = IMO
o] AePins o GAXNCE oA 2 AYES
g 5 A3

o

g

o305

3.1.2 SEAFEV)

20219 79 FEHEY 71595k} S0k At
& &2 "EU Fit for 55 mi7]1X] ¥k 0] HHEGO
o, gleFok= wiEHAHAIETS, Emission Trading
Scheme)®} 3= 7|&(FuelEU Marine)o] g
TH14]. ETSol oJshd 20243 F-E EUS &to]| AJutst
o BAYol= HiES APgsto] old sigshs HiEedE
Fuiste] S =7l A& sfor e 20204 EU MRV
HolgE 7|2o& APdstH A AAY F 11,20589
Adto] tiido] Hw viEAY] Fufo] wE HE-2 At
oF 1009 f-20f o]& AoZ dHTH14]. et
<= Aol diide] & Zow @AY Aub SZIAA
N5 AR B8-S A Edjof & Aot
FuelEU Marine2 2025946 EU 3ol 7]3sh=
Aetol] iste] AR WiWes iR Ae Axd
AT HiERFE 7|08 FARFET B2 TEY At
£ HF08 Hysk= ®HAlolt) ol 2025WRE 5
d 992 gAFeR sk AFo|tt. =AE
(Korean Resister, KR)OlIA] 4135t Aato]] mp= gt
& SRHFO)E =3sto] thF=e] sd=o] tis)
2025 5E Hgo] BakEm, INGE 202997H4] Ha
o] B X]= ko 20304 o]Fo= RE R
of tisf Ego] Hiakd Aog wostlrH14].

=

=2

o]

3.2 BNy sH

20149 uEte] tig RABIARI STXOA ABk
9] JHZARQ FAAAE WIo R FAGE BA% A=
£ THsIGTh A ALolA st A g5,
29 4 fAHL TE7iA| 9] vlEE BT ZFjE
ZF718])8(Life Cycle Cost, LCC)S #4591 00 o|=
Eq. Q< Zo] @59 7HA e =71 4552 1
goto] @AY 7HXE 7SR n| 9] H-E-S A=
A A A2 HriEch



ARS8 =2 A A253 A58, 2024

Total Cost = A+ EBM-I- c @
T (144)"

A 27 AzEE

B : A% 2848

C @ HA Au&(dA F44A)

r: %7]' Eﬂo =

i 98 a9

n A AIF

o4 AHke 16,000TEU ABjolidos dzael
FEQI 25,700NM o o-FHPTEE 7IE2& 320
7t o, 259 242 7PA e R Akt o
A AAAE g4, LNG, 181 9x4Ee 4735t
Fom, Table 59412} Zo] LCC £44dT+= 27 ¥
H 24 2]4]Q1 CAPEX(CAPital EXpenditure)2} =%}
=49 =93t A7t ¥l8<91 OPEX(OPeration EXpenditure)
2 Fg"rH1s].

Table 5. LCC analysis results in each propulsion
system(unit : a hundred million won)[15]

Sort Items Cost
r. Nuclear | Diesel LNG
Design - - -
Building 6,680 1,400 1,820
CAPEX | Decommissioning 517 - -
SCR - 23 23
Total 7,197 | 1423 | 1,843
Crew 15 11 11
Hull Insurance 65.8 32.8 32.8
Repair & maintenance 16.1 16.1 16.1
Articles & supplies 5.2 5.2 5.2
OPEX | Management 2 2 2
Port fee 41.1 41.1 41.1
Fuel 70 583.3 | 504.9
container loss - - 63.2
Total 215.2 | 691.4 | 676.2
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Fig. 4. LCC results in each propulsion system during
the operation period[15]
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