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6) Nuclear Energy Institute, Cost Competitiveness of Micro Reactors for Remote Markets,
2019.
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2.5.2.2 ¥ AAEHA 2" AT H v S8t

@ Y dAHA =R B

W MOS| e47bsulE Al ©r] 27k nhgol wel, W37
A8E Agshes dute] 0@ £o7t F58 Ao daw. A
LNG 7]uke] dmdsho] F21 Foluf, 20504 o] F Hxx 24S
AL FAH A FEo] LPHE FFY. oo UAHFR
Aure] me SNl 8P HsAel B 53 we £F
£EE aT3E 1% AdolUy, E f24, AN Fo e
AR Fx Huto] AA

AN &R B}
® I3

FAL e (oF 150%), FFE (125), AWA 6G2),
( Z

14) 5 1603 o]/e] Auto] A& Folm, 2007]

B 3A SFHAD gAEF3 FAd2 NS Savannah (7] =5, 1962-1972),
Otto Hahn (59, 1968-1979), Mutsu (¥ ¥, 1970-1992) So] glowH,
AA7A &F T dAHFZ AL HAo &9 T
Sevmorput (1988-)°] F¥ . Aok 20200d 5¥ 2 A=<
Akademik Lomonosove] %S A ZHat,

iy

B34 1559 EAE YA AzEe ofge} 2Ll RE
A 2= 3I/BMW~170MW &8-S Z2H= 7

_,d

2
ol.
P
ogk
ks

9) World nuclear association, Nuclear-Powred Ships (updated November 2020)
10) Pioro et al., Current Status of Reactors Deployment and Small Modular Reactors
Development in the World, Journal of Nuclear Engineering and Radiation Science, 2020,
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Name Reactor Developer Power Type Operation
Akademik
LOMmonosov KLT-40S x2 OKBM 150 MWt x2 PWR May. 2020
Sevmorput KLT-40 x1 OKBM 135 MWt x1 PWR Dec. 1988
Taymyr KLT-40M x1 OKBM 171 MWt x 1 PWR Jun. 1989
Vaygach KLT-40M x1 OKBM 171 MWt x 1 PWR Aug. 1990
Yamal OK-900A x2 OKBM 171 MWt x 2 PWR Oct. 1992
50 Let
Pobedy OK-900A x2 OKBM 171 MWt x 2 PWR Mar. 2007
Arktika RITM-200M x2 OKBM 175 MWt x 2 PWR Oct. 2020

A3 YA Bandi-60s 713

o] 7Rt =olH, iy wid
st tHE g
A2 E A5t g

B KEPCO-E&CE 20193 H-E| H-f2]
2428k ol& 200 MWt, 60 MWe =9
No] =EZ A3 e E5Y A MEs =%
ARG AA LS viAG FA el 2788
N F

%=, &4 KEPCO-E&CID>

<Bandi-60s 73

B =2 siddd ME A2 offel 2w T2 A= 79 B
dde M T HAots A 2 054 &85 A% F/4
N FolH, 7M4A T2} F-vaFs &5 NE FTY. 97
718 =4 714 CorepowerAt= 3148 &89 dA=ZE 7T
< o1, HolosGenAte 72wy zt= 7]RE e d e 7 SU.

11) L.Kim et al., Development of Floating Nuclear Power Plant BANDI-60s, Korean Society for
Fluid Machinery Summer Meeting, 2020.

12) https://corepower.energy/

13) http://www.holosgen.com/applications/
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Name Developer Power Type
ACPR50S CGN 50 MWe PWR/floating reactor

ACP100s CNNC 125 MWe PWR/floating reactor

m-MSR Corepower | 23-81 MWe Molten chloride fast reactor/propulsion
HolosTitan HolosGen 80 MWe Gas cooled reactor/propulsion
KLT-40S OKBM 35 MWe PWR/floating reactor (in operation)
RITM-200M OKBM 50 MWe PWR/icebreaker, floating reactor (in operation)
VBER-300 OKBM 325 MWe PWR / floating reactor

ABV-6E OKBM 9 MWe PWR / multipurpose floating reactor
SVBR-100 AJ}?I\%E 100 MWe | Molten lead-bismuth fast reactor / multipurpose

Shelf Nikiet 6.6 MWe PWR / underwater energy source

o
s

IMO9| o]4t3steha wl= 1A

B sz e v 2 =
A7t RAA wEZe] 2.7-3.3%7}

23 2 532 &84 AA

AMF & T DSt Aer 45, FAMAZ]HIMO)=

2447 2SS 18 2008 HAF thH] AN E JUEE

2030A74A 40% 7+, 2050747 70% ZHEe= BEE A A,
Units: GHG emissions

GHG strategy

B Business-as-usual
emmissions*

Emissicn gap

2008 2020 2030 2040 2050 within 2 100

<AIMO 247+2 A (£4: DNV-GL)>
W olo] we oA eastael ojsslga WE Aztel
Aage] SegAst =HUA LTHT gor, A AR g
AUAD e #87F F5F 0= 4.

Sk

W U= Aol A nlolE2 BAlo = e ey fof

14) IMO, Imo action to reduce greenhouse gas emissions from international shipping, 2019
15) DNV-GL, https://www.dnvgl.com/, decarbonization in shipping.
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17) Hirdaris S.E et al, Considerations on the potential use of Nuclear Small Modular Reactor

16)

(SMR) technology for merchant marine propulsion, Ocean Engineering 2014.
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LNG Hydrogen Ammonia

Pt -
Safety Dperabht)< 1;,
AING, &, gEYol Ao A3 Wi (X Iz

B 3= oz 7|E F=E thH A 30% =0l 7Hsd
B3R 5% 7P AWEHT, HAlor B A9 A A
A F3 FoE HYAY Fado] =old AY. olo dAHFZ
AR =3 dAE-2A Y EokY T8 Y Eopt E U

<BlAote] Lider 1WA /M@= (&3] Rosatom!®)>

W on)e) ARslo] As da, Brie 5 nEsh bR As A
F52 AT Y FAE AL, 43 A 2 AZ Fol T
AYd Ao g, NG A4 711*?—.;, WADE A A1A, BF
YAk A e An) (FPSO)e] A# Yoz 2g-2(Floating type)
L AAAGES ype) N DAL WAL FEIA BEH 4
%1

B A A AL Aur =20 Chikyu (Y8, 35 MWe), Gemonod
(=2, 32 MWe, B/9A AP

B FPSO =3: Modec (¥, 85 MW), =84 =9: Stena Drillmax

18) Rosatom Global, Rosatom Leader Nuclear Icebreaker, 2019.
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(AP Z=F, 44 MW), Transocean Invictus (t) A& e, 42 MW)

s A9 AL (F4: dw.com) 2 FPSO /Id % (EFX: Wikipedia>

EIAMSTEC

<Al A A3 Chikyu (3]: jamstec.go.jp/chikyu) 2 Modec FPSO (£3]: modec.com)>

W ATAS, A8 7o) vetd wAz @ v A Bl
FAH BHOR 4% ol £Ee] Tgo] FE & YL B
A

o2
>
fr s

19) Boeing, Boeing's Echo Voyager, 2016.

_49_



9

ofy
ks
S
o
ﬂllﬂ
flo
Do
O
Do
(@)
rL
fuj
L
22
i1k
o|N
fu
A
il

71 .

® Zavje 3 AH

20) Yan et al., The technology of micro heat pipe cooled reactor: A review, Annals of
Nuclear Energy, 2020.

_50_



W SWOT AlAA

Fusta gor, 2gAAE

oF WEA

= 32
gk 7137}
AEE 8w

SMART 47|

e ¥

INTERNAL

MIA =2

Opportunities

ok
=
o}
-

Ar

rx O
o

P> o

EXTERNAL
o2 A

rx pot 10 0

[X=1
5]

OF OF OF OF rﬁ |_>|
1T

= = = = = om
=== =

02 1o to i rx

=l

=

it
i

B SWOT &4 4]

o
o

i

L

odh

2 P oo o2
o

wh b P oo o4 o
)

o
o =

-~

rlo

Bandi-60s &
N
Ltk et o
Axol
T2

o 1
Rl
Hu
N

e AA F

Fagk 7IRkE Zt

™
o

\

A}

r

D
B!
30
lo

N

B S A

d
il
o)
f
Ol
i
N

Strengths Weaknesses

oX

2 ogt

9l
il

5

=
[S)

(o]
o

o)
o2
Jo'
> =1 I
x M =2
oy
m“nﬁgﬁ
I'Q_“I
[l H-E
==
Bl
Ip

oo ot o
El

oo 02 oM 02 02
{0t o > o o
e rx oo rx rxt
MU T b e >
2109 | ol

=
X
4r
=

A

Threats

I ST B
530| f ANE J|% B
S0 THAY A Y3t
slel XASARE 7| &0l HA S

o=

)t
>

]
il

H

I'
>
OF

]

ol
" omomow

B;AZ 7|5 ¢

r

EANE 8

<alF AR A 2 SWOT 41>

uka s AR AT )

_5"_



SO strategies WO strategies

N ERY 2HYFE |52 SHLRAT
HEst7| 2ot £X LR

HZ+d ZLHRAKE JH7|E Y A
ASHE, MBI S LISt =20
CHH S S RE ZEZ2[R 718 E8
=7t Fo| AREH-Z ML 20 S=E
ot =N BYY 2L IS R R A|

2 Hl oz {0
o

oo Py B

Qu=a

rZro B |>rx kioXdot
AW KL |m o

R AN M 1T ro 0% A0

i
A

W AAEA 2 @5 o) 47 FaRe on FAH 2o
NYUARE ¢4 B A2 Aol Ria AARE ADeid
sge ARon, T2 SUYULIAE R4 2PAARE

o
3
289 e @D FLIIARE o] L3 30| AotEYL.

W s AAHA = A IMO9 o]4tsteb A viE Al stz
22 A MuF 871 2718 Ao 44", LNG,

=l =
T4, dxyol 5o Al I8 v dAHE ganE

=4 g
OPEX (operational expenditure) SHolAl -9l o} w])
A8 okl &82 7heAdol . 53 1% HE oA, By

FEAD WIN F ES 2T SEE LTHE ANe AR4YEA
Huto] AAHE FAT + Ae Ao AP,

B AAEF Aduto] &857] A= ofefol 22 AAH {9
A g v A A7 Hast
g wA F712 87)# <2 OPEX AH7Zro] 7=}
N uE Al 7] AR HEo] & FOE dAEE

_52_



o
Ay

=

)

i
e
= ik
=y
TR
R
- -
A Jjo
o Ty
O#E _z_.E
T >
S XV
Iijo iy
Mo 3
Br T
oo
oo x_
I
o
W .y
o o T
oA R
L 4

s/ Ay FA: A

¢

W3 A

i
oy
63
o
R
—_ —_—
N o
R
EO _ZT
do o
o]
wo
i £
v
r
Em Mﬁ
) olo
~ o0
Gl o
X o L o)
! X
. ® W
‘_lﬂrw _Z_l o
W oo o
%o do -
T w T
L 2 L 2

g A A

m

;01_

1

SH7t 7bs

2AEY B

o)
=

ool S FAd wawHe) o

A -2 win-win

1

= AT

J
=

x

9|

B!

~

;01_

7

=0

JJo

G AAHA - mEy &8 vt

% A

e AAEe) gHoE

A

m2 ALSe] AAHF[ER ol HAAMNL, BAL AFETT 28

AR Lol F7t A5 nA flo] &

h =

g o] Y

- T A B
AL He

A

ol
=

Az A
2 o4 S ol gl AF BH HE A

(]

HATE =

]

o

=
-3

_53_



$840) 2 Aoz By, on UYWL =Yt £d 9
27}}e) z—m% ARAE R 23, AU AR S T o}xﬂu}i
SFd 7o) Wastd, dAPH g0 U ASH THe U]
A% A2 S0l 7 AP ojok ¥ AY.

_54_



2.5.3 AR a0 vy AR

® =24 F473A4 A%

B AT 233 2°C AU 229 4 A A2

ariergy dermand supiplied with hydrogen, £

20509 229 F2AA

O AA HAF duA Fa
18%5 =9

1O A3t 6Gte] CO2E =

" O 25x & o) RIHA
: ‘ 7 ‘ : g 3=
2015 20 1 o a
o =
SOURCE: Hydregen Counel <> T 371ﬂ \_]_-7H "] ézl'a 7&)
W AL 7IR|AFRO0] HOow Aolyy T~ Hydrogen distnbution costs
2030 & JHAASE] FEE 2927 I Heat and power for industry [ Industry feedstock
A ABATYA HT22) B Heat and power for buildings B8 Transportation?

Hydrogen is the only altermative for industry
11 | feedstock for existing applications

10 l Hydrogen is a competitive low-carbon option
for space heating where it is competing with

9 heat pumps, e.g., Europe or the US

= Commercial mobility On average, passenger Hydrogen-based steel production

4 applications become  vehicles become viable  in China breaks even at low-carbon

6 viable around $3/kg  around 52/kg hydrogen costs of $1.9/kg

5

4

3

2

1

0

10 20 30 40 50 60 70 80 90 100 110 120

2030 energy demand
ElJ

1. Regeons assessed are the US, China. Japan/Korea. and Europe
2. Transportabion segments breakeven calculated as weighted average

SOURCE: McKinsey; IHS; expert interviews; DoE; IEA

B 3 T4 FF7H4e] 22 4 AA 2439 ddH a4
& $2.5/kgel™ 30 7FA] MAIAHA 89 8%, $1.8/kg o™
15%E %

& £=JE7] 714 F8EY ~$3/kg, &2 ~$2/kg, AHY AH
~$1.9/kg

21) Hydrogen Council, “Hydrogen scaling up: A sustainable pathway for the global energy transition”
November, 2017

22) Hydrogen Council, “Pathtohydrogencompetitiveness: A costperspective” , Jan. 20, 2020
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3 FAAA AXdGTE AUFdoe s
)

B<usDakg [usDzakg PIUSD34hg > USD4Ng | i\iable medium e (<2030)

USD 40MWh TS5

w 33 2 11' 46 a2 m

USD50MWH B0

USD100MWR 103 75 65 B1 58 89 67 &0 57 55 ¢ 74 60 56

« [ :w. 51 [

1USD S00AW - ’ - USD 250KW

Loadfactor  10P% 20% 30% 40% 50%2 10% 20% 30% 40% so%i 10% 20% 130% g4o0% 50%
SOURCE: MeKinsey
A7lee, £ A2 oj&8 % S22 AdEV e
SR a4 AL TN HLE], 2020)
& AR DAV FHolY B Aol et F&3
ZE 9 3279 AdxT 5 AR LA ojzlo] T IR

F7h} AGelA ol T APe BHUoR B

¢ U A AUHoeR ggFd 2 FEHLH o] &Eo] wol
AR AErb7l 3 o] o] &% HA F4HAYLE A
o] & EL WS FolBnE AAAUA i ANDTE FEFA
Ho A4 58 Aoz 9y

¢ o Pyt dAE 2 W A0 drte) g
AAF7IE2 A EE ddd 5 dder 71 o 20d
A& 3182 F A AA TAHAYE SdojN g e
FEY Aolm2 UAY Fi4 ALt e FEFLE B 9GS
Ao g A
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: 5| ¥ 1 8 2 E 3 B % Or % % ¥ 3 g
G 5 5 £ 3 g & : = 4§ ¢ 5 8 g
= F B 2 2 E £ B R = =
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z = & F g =
o '% E
Fossil fuel
technologies Low-carbon technologies
YU YESFUHME7HLCOE) A% (IEA/NEA, 2020)
¢ A'd 108z QA A Bl&o] 80% ©]%F stettRil FFE=
A&How setd Ao oW AT, Aeleh ol
AR Aol FL& =7l FET4 Oivl 19 4 7140
2R AAY L 2E Ao A
6.0
Ele::.'-:iyse:' cost in 2020:
LISD 1 000/kW

Hydrogen cost (USD/kg H,)

3.0

[Electrofyser tost in 2020:
D 1 000/kW

20

2025
ke

Electrolysar price
USD 65/MWh

Electrolyser price
USD 20/MWh

Electrofyser cost in 2050
USD 307/kKW @ 1 TW Installed capacity

Fassil fuel range

Blectrotyser cost in 2050

USD 307/kW @ 1 TW Installed capacity

2040 2045
ZHIRENA, 2020)23)

2030 2035
i ATt

2050

B A2 Fe3o /| Fus U)$ Fsk COVID-19 AA97] oz
945 aol BitE Agel FUgol ek FEW FaAH 2
BREe B8 BEe Ba e

23) IRENA, ‘Green Hydrogen Cost Reduction’, December 2020
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B 1 AlAl GDPY 70% °©1’ds A 187h=r0] A=9] o=
WS AN o] E oldsta U
@ EU S2712H 20. 7): 2024Q 744 6GW, 203013717 Bol=g7} S
Holo] 40GW X3 F 80GWe 3] &7 FH, * 30d7HA]
440912 F2F 9 9-dTHE gt
€ 5 FAHE 20. 6): 203097k 90 &2 FA, T4 A £Q9F%

2vll S7}

@ =T AT 20.9): 20309714 729 42 B}, 6.5GW 5730
=k

& U= vlolE FxzL ok 7|3 E 15 ATARY=(ARPA-C) A4
g o]E Tt FEF4 7Y FHE Jled &Y o] v
Zke] SMR 7| 7

@ YE FA7BRAE 17, 12): 203097HA] FAFAL 900714 A=A,
i 8} 80T, a4 B2 12000, FAIGE TEY TEL
5% dra =29 F1

& 53 (0199 Fa R ARdA WA 0 509717 49 14
AAHE 10%, a4 wE 12291%F, 243k 5007,

SaFAL 14

24) WEC, ‘New HydrogenEconomy - Hope or Hype?’, Innovation Insights Brief (2019)
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COORDIN

ACTION TOWARDS DECARB

Ina context of increased renewables
penetration, hydrogen is used as
asolution for a long term storage

to deal with intermittencies.

Hydrogen is injected into the gas

grid, decarbonising heat to o certain

extent. Hydrogen is nevertheless not

produced to the extent that it plays

all its potential roles.

POWER-TO-X

UNFAVOURABLE ECON H\\\C‘S‘

NTERNAT \LN/M
INISATION
[

HYDROGE, ,
SOCIETY

Governments implement long term
strategies, developing carbon taxes
which promote the emergence and
adoption of a market for green
fuels. Appropriate regulation and
incentives [ead to hydrogen becoming
the clean energy carrier of choice.
An international hydrogen market
emerges, transitioning from blue to

[ ]
[ ]
[ ]
[ ]
[ ]
[ J
edesTece®

a FAV

Lack of vision sets back hydrogen
development. Hydrogen as a

feedstock in industrial processes

is gradually cleaned, but this takes

decades, For applications such | y

as materials handling it remains S

attractive to use hydrogen. Overall,
the decarbonisation features of

hydrogen are not exploited to their

full potential.

v

SHO .C’T TERM ST

W x BA BHHE AT AR

& F23A 24 =E
10)
- 204004714
- 204004714
olst= TH

S afs}

NTED ENERGY POLICIES
ES Industry greens its processes.

ABRAA AAANG A&
A 5269H=(4Fd & A2l 4 kgd 3,000

v

OURABLE ECONOMICS

Fragmented energy policies and
short termism gets in the way of the
development of an export market.
Firms do not engage with hydrogen
due to regulatory uncertainties. Some
new applications do go ahead due
to favourable economics, including
rail, heavy duty and passenger cars.

W 3

_Bg

W(2019. D, F4&71E ¢ 229 (2019.

19 24

Demand  470K(ton-Ha)
1 Byproducts
= Extraction

Supply 3 Electrolysis

Price W6,000/kg-Hz
FCV 81K
FC Power 1.5GW

& 4 AW A (2020. 2)
& IF=3 1" (2020. 7)

- 2025974 1713 9 g4z} §

18.7% &}

- 2025\ 97HA] g4k 209 B

¢
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- 2050 7kA] A4 —ri‘ﬂ] T2 80% olde= g
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218 78| 412518l Power(Carbon) to X
| LSIERA 0L AR B 2510
A RSISHAIE LA THAD

B Seluetld aTEE dFe 39 £285 2E e F32
b4 Bt

& BAFE A Fojo] BA QLOE iR FF T

® CCS ol§ 234
A 4/9571A B s TH NG =4 A4 2 OCS bl 8
whel #34a
- AR 7h2] 100% SHe] OFES] ME U ehme] Hep Tz
A3}
- ING =947H4, CCS HAe§ 2 vE ©200% °1) 1§
52 19 A, BE 015% sbsyel F

Cost of shipping liquid hydrogen across regions, 2030
USD/kg

Saudi Arabia Saudi Arabia

Source and expected cost toGermany  to Japan

level of low-carbon hydragen

in different regions
M Distribution
M Procuction

Clean  Lique- Shipping Import Costat
production faction terminal  harbor

Chile to US —
27

Costat

Cost of shipping'
LNG: ~USD 12/MWh
LH2: ~USD 60MWh

harbor

1. Inciudes hiquefactian, terminals, and shipping
SOURCE: MeKinsey Energy Insights

20309 =Y 24 717 P AYA 29193, 2020)
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- CCS, A3, %, A71A BlE 2 A, 51714 v

- (@A FADT7HCCS AA]/8 23 $1.5/kg-H,, A3}
$0.9/kg-Ho, <% $0.6/kg-H,, A571A2 =] & $0.2/kg-H,]25
= A ~ $§3.2/kg-H, = d H3F A4H7HA(3,5009 /kg-Hy)

H%% Jbsol 2

® AR U Fa

- Seugte 559, $%F, Fotzgsl 7l Azl A 5
Ejofgoly; FHAY Faof vt Aol =] A
ol &Eo] Wil HEV} Fol AV|A AiEE AY @l
=g b gle 729

Electricity price USD 40/MWh CAPEX USD 450/kW,
10 10
r; $6.4/kg
g with 15%
2 i\ Availabity o
: w— MWh
- ===USD 650, of Solar in Korea ¥
6 —USDSSOAW, 6 §100/MWh)
===J50 60/MWh
; USDAS0%W, 4 USD 40/MWh
w50 350/KWY, —1JSD 20/MWh
2 USD 2504W, 5 =50 O/MWh
0 0
0 2000 4000 6000 8000 0 2000 4000 6000 €000
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25) Hydrogen Council, “Pathtohydrogencompetitiveness: A costperspective” , Jan. 20, 2020
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27) IRENA, ‘Hydrogen from renewable Power’(2018. 9) E 19] 20259 <ztzlQl A&
28) NREL, ‘Opportunities and Challenges for Nuclear-Renewable Hybrid Energy

System’(2018. 10)°
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