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Abstract

As climate change and energy transitions become global priorities, our country faces the chal—
lenge of balancing industrial growth with energy transition efforts. Hydrogen is recognized as a
new growth engine that can simultaneously enable energy transition and industrial
development. Particularly, to meet future international demands for energy transition, it is crucial
to establish an industrial ecosystem related to domestic clean hydrogen production. This study
aims to review the conditions for domestic clean hydrogen supply to meet large—scale hydrogen
demand and to explore the feasibility of clean hydrogen production using nuclear power plants
and small modular reactors(SMRs), which are gaining attention as carbon—free power
sources. The study also seeks to derive strategies and policy implications for activating the

domestic clean hydrogen economy.

To this end, this study estimated the Levelized Cost of Hydrogen (LCOH) for domestic clean
hydrogen production using nuclear power plants and SMRs based on a literature analysis of in—
ternational organization reports, national policy documents, and prior research materials.
Additionally, it aimed to forecast the market size for hydrogen produced from nuclear power

and SMRs as a new industry.

Chapter 1 of the study outlines the research overview, with the main content presented from
Chapter 2 onwards. Chapter 2 examines the recent trends in global energy transition demands
and explores the role of the hydrogen economy as a response measure. It discusses the basic
characteristics of hydrogen and the overall value chain of the hydrogen economy, highlighting
the significance of hydrogen as a greenhouse gas reduction measure in the era of energy
transition. This study suggests that true energy transition can only be achieved if hydrogen is
produced through clean production pathways, given its advantage of not emitting greenhouse

gases during combustion and its potential to replace conventional fossil fuels.

Chapter 3 reviews the trends in hydrogen economy policy in Korea, dividing them into in—
dustrial policies and climate and energy policies. It introduces the Korea's clean hydrogen certifi—
cation system, which has enacted since 2024, and presents insights for future domestic clean

hydrogen production and utilization through a comparative analysis with major countries' hydro



gen certification systems. Korea's clean hydrogen certification system is expected to positively
contribute to the expansion of various production pathways, including hydrogen based on nu—
clear power and SMRs, as it encompasses a wider range of hydrogen production technologies

compared to other countries' certification systems.

Chapter 4 summarizes the current status of nuclear power and SMR policy both domestically
and internationally. As the demand for carbon—{ree power sources increases, major countries
are expanding the nuclear market by extending the lifespan of existing large nuclear power plants
or building new ones. It also finds out that there is active technological development policy for
SMRs, which are evaluated as more useful than large nuclear power plants in terms of stability

and applicability.

Chapter 5 examines the feasibility of producing hydrogen from nuclear power from a technical
and economic perspective to explore the linkage between nuclear power and the hydrogen
industry. Utilizing nuclear power and SMRs for hydrogen production is highly useful for securing
grid stability, enhancing national energy security, and fostering the hydrogen industrial
ecosystem. Due to these benefits, major countries such as the United States, the United
Kingdom, and Japan are pursuing nuclear hydrogen projects, and similar demonstration projects
are being conducted and planned in Korea. The economic analysis of domestic nuclear hydrogen
revealed that the levelized cost of hydrogen production from nuclear power and SMRs is de—
termined by the price of electricity input into electrolysis. When applying the average settlement
price of large nuclear power plants, 56.3 KRW/kWh, the hydrogen production cost was 5,237
KRW/kgH2 for alkaline electrolysis, 5,395 KRW/kgH2 for PEM electrolysis, and
5,873KRW/kgH2 for high—temperature electrolysis, indicating potential price competitiveness
with imported clean hydrogen (4,581 ~ 5,380 KRW per kg of hydrogen). However, for current op—
erating nuclear power plants, grid—connected electricity must be supplied for electrolysis hydro—
gen production, reflecting the industrial electricity rate, which increases the hydrogen pro—

duction cost to over 10,000 KRW/kgH2, making it challenging to secure price competitiveness.

Based on the analysis results from previous chapters, Chapter 6 presents preliminary tasks



for creating a new industrial ecosystem linking nuclear power and hydrogen. It reviews measures
to secure the economic feasibility of nuclear hydrogen and identifies necessary legal and institu—
tional tasks to propose policy implications for creating a new industry linking nuclear power and
hydrogen. The study emphasizes the importance of establishing support systems to secure the
economic feasibility of hydrogen based on nuclear power and SMRs and promoting hydrogen use
in the industrial sector to secure stable demand. The study highlights the need for continuous
efforts from the government, private sector, and academia to improve legal and institutional
frameworks and secure public acceptance to foster the nuclear hydrogen industrial ecosystem,

expressing hopeful expectations for the future of the nuclear hydrogen new industry in Korea.

Keyword : Nuclear Power, Small Modular Reactor, Clean Hydrogen, Pink Hydrogen
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Note: Early development covers all stages from preconceptual design to the completion of the preliminary design. A Heat pipe based microreacto
ydvanced development spans from detailed design to licensing and construction planning.
Sources: IAEA's Advanced Reactors Information System (ARIS); Kearney Energy Transition Institute analysis

A& : KEARNEY(2023), Nuclear small modular reactors (SMRs).
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%9 FAE ANT 5 ke
Axele] A3t 4718 o] g3 Fh Y22 Asta Yok
A4 (ANL, Argonne National Laboratory)®t  Constellation Energy
Corporationjit = Nine Mile Point ¢4 & 5] ol 4] A& A&l A Au]E &8slo] A
2 AYS HER Ao R A YA ea A ZRAES FH o FAE30 T (7232
H).103) Wi e, 2 B Ve &8 okl A A E AREStY] 9l dAE e 9
2, A3 1.25 MWe AdH & ARg-ate] skl 560kge] dA+2E A
Addu= 20251 Sl A A2 (NYSERDA, Nwe York State

=
esearch and Development Authority)¥ ¥Hx e JEUHS P AgdXo A

ol A Ax}e AA A A5 WA= F HA A= Energy Harbor 5%
d]o]t}. Energy Harbor= Davis—Besse 9 A F-%] ol A A25As)] AU & 3 G454 A
2] 7= ed A I Al ol Akl 5 A AH R S (Scale—up) ot TRAERA, ©]
2A ANE AAFAE AQ W Az B oA dsR 282 o elt}.105)

A A 2 Bloom Energy (A})+ Xcel Energy (AF) 7} &% 5 €1 Prairie Island 974 5% W<

103) Constellation energy &3 ¢]=]. (1A : 2024.05.20.)
104) Constellation energy =3 o] #]. (A : 2024.05.20.)
105) Davis—Besse Nuclear Power Station, Unit 1. (F121: 2024.05.20.)
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AU H o] WY Foz 23 d FFH o], 243 £F & A &E Aoz

Nine Mile Point Nuclear Power | Davis—Besse Nuclear Power | Prairie Island Nuclear Generating

Station Station Plant
(Constellation Energy)108) (Energy Harbor)109) (Bloom Energy&Xcel Energy)110)
PEM (NEL hydrogen) 2MW PEM (Cummins) SOEC(BloomEnergy)

o]o] 2023 104 139 v]=r A= 770 A1 8] FA a4 31 B (H2Hubs) 9 =}t 755 7+
shetths S ek o] & 918 709 2ol o] AN dlibs A Y| 2 Pkl s ]
oAb 20219 11€ 159 g ‘9z gt Fx A2 (11IJA, Infrastructure Investment
and Jobs Act, IIJA) ol 4] x| ¥}, o] 2] 3k H2Hubs A &2 4009] &2 o]Ake] mizt T2
frestal Rk ) FA o] A E FET 0 R Hashar 9lvk112) g 3 77) H2Hubs A
Aol HF AR DAl A= 213E 2,500%F = o]/do] o] Absleka v &S Fol WA «1kF 300% =

>,\I

106) U.S.NRC. Prairie Island Nuclear Generating Plant, Unit 1. (4 <¥: 2024.05.20.)

107) U.S.NRC. Prairie Island Nuclear Generating Plant, Unit 1. (¥ <¥: 2024.05.20.)

108) Constellation energy &¥o]=]. (71 44: 2024.05.20.)

109) Davis—Besse Nuclear Power Station, Unit 1. (341 : 2024.05.20.)

110) U.S.NRC. Prairie Island Nuclear Generating Plant, Unit 1. A9 2024.05.20.)

111) CSIS(2023.10.20.). “The Hydrogen Hubs Selection SEts off the Dawn of U.S. Hydrogen Economy”.
(A 2024, 05. 20).

112) CSIS(2023.10.20.). “The Hydrogen Hubs Selection SEts off the Dawn of U.S. Hydrogen Economy”.
(A 2024. 05. 20).
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113) CSIS(2023.10.20.). “The Hydrogen Hubs Selection Sets off the Dawn of U.S. Hydrogen Economy*.
(A 2024. 05. 20).

114) CSIS(2023.10.20.). “The Hydrogen Hubs Selection Sets off the Dawn of U.S. Hydrogen Economy*.
(A L: 2024. 05. 20).

115) HM Government(2020a).

116) HM Government(2020a).
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At B ZRA e Az o] T g Al g o] AAH o] vk A'tAagae] A 310 AlES EaL 9l
EFrd YR BEL 249 32t o YA Z447]F (Net—Zero Hydrogen Fund)-& %A 8o
5GWel =& A (G 37]) A S Hgsts HE7F AlAE o] k. s Al ol whe 2022,
23\ 4 7 Aol AA AekA a4 AAAE O] g A JEE AL, A AR A}
o &l xpeliA] k2] 0 = Aol A st rhiln), dxpe Rfe A e R 753 2 sk TAR]l
A7 ek A 99 R&D T2 A& Al Fskglar, 7414 o= F 39851k 9kt o]
A 928 7155 (Advanced Nuclear Fund) S ©] & 2911591k 3k =5 SMR 7383} A
o Ab&-3tar, 1Y 747t 3 =5 At Y22 (Advanced Modular Reactor) 9477l el] ]
A= Al o)}, o] Y3 2| P& Gl YA G4 Al A 9] 2H] BAH S gR gt Al F o)
t}.118)

T4 A7 LA Abgol dalA Y= 5= Heysham 2 943 283 54 e
AZ A YL3slGtt. Heysham 2 Y A119(ZF 680MW, AGR 27]) oA AALE A7) ¢} 12<ES
SOEC 438 A& 4 A5 o= 719 Hanson® Criggion O} AZE FAHo] A& 2 A}
43} Bay Hydrogen Hub—Hydrogen4Hanson 2 A E o] 6107 3= (2F 98 ) E A

A3t el A2 SOEC AL 8l 7] o] 71E A gk (PEM) =3 8ff of 1] il

3 A A EES 20% Y AR Aety, &% 3 el A SOEC Au]el gk A A 2
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A& A2 AT 7| FJAEA) = AL27FEAI A Z(HTTR)E o] &3 a4 7-E 118
M 28k 20303 S HRE AL @ 47]E A F1 Fot) 12000] 5 98] A n}
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