Transactions of the Korean Nuclear Society Spring Meeting
Jeju, Korea, May 7-8, 2026

Techno-Economic Comparison of SOEC based Hydrogen Production with Large PWRs and
SMRs in S. Korea

Changmin Yoon®, Jeong Ik Lee®*
“Nuclear Quantum Engineering department, KAIST, Yuseong-gu, Daejeon, 34141
*Corresponding author: jeongiklee@kaist.ac.kr

*Keywords: Solid oxide electrolysis cell, Nuclear hydrogen, Techno-economic analysis, Small modular reactor,

Hydrogen supply chain
1. Introduction

The urgent global challenge to combat climate change
and global warming is the need to secure clean energy
sources to replace fossil fuels. Among these sources,
hydrogen is becoming increasingly important as a key
energy carrier for next-generation energy systems due to
its high energy density, environmentally friendly
characteristics, and ease of storage and transportation. Its
importance is particularly growing in industries where
reducing carbon emissions is essential, such as oil
refining and steelmaking [1]. In these industries,
hydrogen can be used directly as a fuel and a reducing
agent. The South Korean government has also taken
steps to promote hydrogen as a key component in its
strategy to reduce national greenhouse gas emissions.
The government has actively pursued medium- to long-
term plans to increase the supply of hydrogen and ensure
its affordability by creating legal and institutional
frameworks, including the "Hydrogen Economy
Roadmap (2019)" and the "Hydrogen Economy
Promotion and Hydrogen Safety Management Act
(2020)" [2,3]. To achieve these goals, nuclear-coupled
hydrogen production technology is considered as a
crucial alternative for the stable and economical
production of large quantities of clean hydrogen [4].

Water electrolysis technologies for hydrogen
production are primarily classified as alkaline water
electrolysis (AWE), polymer electrolyte membrane
(PEM) electrolysis, or solid oxide electrolysis cells
(SOEC). SOEC technology has the advantage of
significantly higher hydrogen production efficiency than
other technologies because a portion of the electrical
energy required for electrolysis can be substituted with
thermal energy. SOECs generally operate in high-

temperature environments between 750°C and 900°C [5].

However, recent research and development by various
commercial SOEC module manufacturers has
demonstrated that efficient electrolysis is possible when
supplied with steam at around 200°C [6]. This is
achieved by absorbing internal waste heat within the
modules. This suggests that SOEC electrolysis systems
can be effectively coupled with Pressurized Water
Reactor (PWR) types, which operate at lower
temperatures.

Implementing a highly competitive hydrogen
economy requires an exhaustive cost evaluation from a
life-cycle framework. This evaluation must encompass

not only "plant-gate" production, but also delivery to
final demand sites. Because hydrogen has a low
volumetric energy density, transporting the produced gas
to demand centers requires capital-intensive
infrastructure, such as high-pressure compression and
extensive pipeline networks [7]. The costs of this
compression and transmission infrastructure account for
a significant portion of the ultimate levelized cost of
hydrogen (LCOH). Since the capital expenditure
(CAPEX) for pipeline delivery is sensitive to
transmission distance and target hydrogen demand,
assessing the practical feasibility of a nuclear-hydrogen
system requires an integrated supply chain perspective
rather than only considering production costs.

To commercialize systems that integrate nuclear

energy with SOEC technology, a comprehensive techno-
economic analysis is required to identify the optimal
supply architecture. The objective of this study is to
thermodynamically design and analyze SOEC hydrogen
production systems coupled with a large-scale PWR and
an integral PWR type Small Modular Reactors (SMRs).
Based on the derived thermodynamic performance, a
rigorous life-cycle economic analysis is conducted,
incorporating Monte Carlo simulations for uncertainties
in capital costs, compression, and pipeline transmission
variables. Ultimately, this research identifies the break-
even distances and demand scales at which localized i-
PWRs are more economically feasible than centralized
large-scale NPPs, providing quantitative guidelines for
future clean hydrogen supply strategies.
Therefore, in order to commercialize systems that
combine nuclear energy with SOEC electrolysis
technology, it is necessary to thoroughly examine the
life-cycle economics. This includes determining the
amount of hydrogen that each reactor type can produce
and calculating the final supply unit cost. This study
aims to design systems that produce hydrogen by
coupling large PWRs and SMRs with SOEC electrolysis
technology and to conduct detailed thermodynamic
analyses of these systems. Furthermore, a life-cycle
economic analysis is conducted, incorporating
compression and transportation, based on the derived
thermodynamic performance results. This analysis
deduced the practical competitiveness of each
technology and system across varying transport distances
and the optimal hydrogen supply strategy.
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2. Methodology

This study defines the life-cycle LCOH as the sum of
production, compression, and transmission costs, as
expressed in Eq. (1).

LCOHlife—cycle
=LCO Hproduction + LCO Hcompression +L COHtransmission ( 1)

Each component of the LCOH is derived based on
economic parameters and thermodynamic modeling
results. The target nuclear energy systems evaluated in
this analysis are a large-scale NPP with a capacity of
1400 MWe and an SMR with a capacity of 170 MWe (i-
PWR). For this analysis, it was assumed that the nuclear
power plant fully supplied the electricity required for the
entire process, including water electrolysis and
compression.

2.1. Thermodynamic modeling

Life-cycle thermodynamic modeling was conducted to
determine the hydrogen production rate and estimate
capital expenditures for the equipment used in each
process. The SOEC used in this study requires electrical
and thermal energy, necessitating complex thermal
integration modeling with the nuclear reactor. Thus, an
integrated model was developed that includes the
nuclear-coupled SOEC  system, the hydrogen
compression system, and the transmission system to the
demand site.

2.1.1. Hydrogen production system

Modeling of the power conversion system was
conducted for each respective reactor. For the large-scale
NPP, the modeling was based on the United States
Nuclear Regulatory Commission (US-NRC) design
control document for the APR1400 [8]. For the PWR
type small modular reactor (i-PWR), the system was
modeled based on the Final Safety Analysis Report from
NuScale Power alongside US-NRC data [9]. The specific
modeling parameters for the nuclear systems are outlined
in Table 1 and Table 2. The layouts of the integrated
SOEC systems for each reactor type are illustrated in Fig.
1 and Fig. 2.

Table 1. Modeling parameters of large-scale NPP

Parameters Value
Thermal input power 3985MWyy
Net electricity 1400 MWe
Turbine efficiency 90%
Pump efficiency 80%
Generator efficiency 96%
Reheater effectiveness 95%
Reheater pressure drop 3%
SG outlet temperature 282.2°C

| SG outlet pressure | 6.633MPa |

Table 2. Modeling parameters of i-PWR

Parameters Value
SG thermal power 520MWth
Net electricity 176.5 MWe
Turbine efficiency 90%
Pump efficiency 80%
Reboiler effectiveness 95%
Hot side pressure drop 3%
Cold side pressure drop 3%
Turbine extraction fraction 7%

Intercooler 3 Compressor
Hydrogen

Pipeline
Compressor Pump 1

1
SOEC Power Bolck

Figure 1. Layout of integrated large-scale NPP with
SOEC

Intercooler 3 Compressor 3 Intercooler 2 Compressor 2  Intercooler 1

Pump 1

Figure 2. Layout of integrated i-PWR with SOEC

The SOEC system was modeled utilizing data from the
Idaho National Laboratory, incorporating the SOE power
block, the air sweep system, and the hydrogen
purification system [10]. The specific parameters applied
to SOEC modeling are presented in Table 3. The
hydrogen production efficiency was calculated to
evaluate the overall performance of the integrated
nuclear-hydrogen system. In this integrated system, the
total efficiency (7;orq;) 1s defined as the ratio of the
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energy content of the produced hydrogen to the total
thermal energy generated by the nuclear reactor. The
efficiency can be expressed as follows:

Ti’lHZ * LHVHZ
Ntotal = :
Qreactor

where my, is the mass flow rate of the produced

hydrogen, LHV}, is the lower heating value of hydrogen,

and Q,cqctor iS the total thermal power generated by the
nuclear reactor, representing the total energy input to the
integrated system.

Table 3. Modeling parameters of SOEC system [10]

Parameter Value
Stack operating temperature 800 °C
Stack operating pressure 5 bars
Operating mode Constant V
Cell voltage 1.29 V/eell
Current density 1.0 A/cm?
Stack inlet H.O composition 90 mol%
Steam utilization 80%
HTSE modular-block capacity 25 MW-dc
Cell area per modular block 1945.4 m?
Sweep gas Air
Sweep-gas inlet flow rate Flow set to achieve
40 mol% Oz in
anode outlet stream
Reboiler pinch temperature 20K
Recuperator pinch 15K
temperature

2.1.2. Hydrogen compression system

Depending on the targeted transmission method,
hydrogen must be pressurized to 70 bar prior to delivery
to the demand site. To avoid the high discharge
temperatures associated with single-stage compression,
which would exceed the API 618 maximum limit of
120°C, a multi-stage compression configuration with
intercoolers was modeled [11]. The required number of
stages (N ) and the stage pressure ratio (7,) were
calculated using the first law of thermodynamics under
the assumptions of an ideal gas and a reversible adiabatic
process. These mathematical formulations are expressed
in Eq. (2) - (4).

()™
Pout) ¥ -1
N C.
Tout= Tin 1+PmT Y = i (2)
T, ¥
=14 n(— - D ©)

in

Pout 1
N = ln(Pin) rN(Pout>N (4)
T @) | \Py,

2.1.3. Hydrogen transmission system

This study evaluates pipeline transmission strategies
for the large-scale NPP and the i-PWR. It considers
pipelines with varying capacities, which are designed
according to the scale of hydrogen demand. Due to
internal friction-induced pressure losses and the
operational requirement to maintain a minimum pressure
threshold ( Pi, ), evaluating pipeline transmission
demands a detailed analytical approach. To evaluate the
maximum allowable pipeline length ( L,,,, ) before
requiring intermediate booster compressors, the Darcy—
Weisbach equation (Eq. (5)) was used. The maximum
pipeline diameter was set at 16 inches based on
commercial standards and velocity limits: an inlet
velocity below 10 m/s and an internal flow velocity
capped at 20 m/s.

P pV? " A_nD2 _PM .
- Tapm=ea =% Pz ©
The Darcy-Weisbach equation is analytically

integrated by imposing assumptions of isothermal flow,
uniform pipe roughness, and constant fluid viscosity.
This yields the maximum achievable transmission
distance (L4, ), Without additional compression, as
shown in Eq. (6).

_(Ph—Phin)DA®

L =— 6
max fThZZRST (6)

As a result, in scenarios where the overall transport
distance (L) remains within L,,,,, the system is modeled
without secondary compression. If L exceeds this
calculated limit, installing booster compressors along the
pipeline network is presumed to restore the necessary
hydrogen pressure. Table 4 summarizes all the
fundamental thermodynamic parameters for
compression and transmission systems.

Table 4. Modeling parameters of compression and
transmission system.

Properties Design Value
Isentropic efficiency (1;5) 0.88 [12]
Motor efficiency (Mmotor) 0.94 [12]

Pin 600 psig

P; 70 bar
U 8.9:107%Pa s
€ 4.5-10"°m
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z 1.05

R 0.082 L - atm/(mol -
N K)

f Swamee—Jain equation

2.1.4. Integrated system

Integrating the SOEC system with the nuclear power
plant requires steam to be extracted upstream of the low-
pressure turbine (LPT) to provide process heat. This
extraction inherently induces off-design operating
conditions in the secondary cycle, so a comprehensive
off-design modeling framework was developed for the
key power conversion components. The off-design
behavior of the steam turbine, specifically the flow-
pressure correlation and the isentropic efficiency of the
final stage, was evaluated using Stodola's law and the
Ray equation, respectively.  Additionally, the
performance deviation of the feedwater heaters due to
reduced extraction steam was modeled using the e-NTU
method under the assumption of a constant overall heat
transfer coefficient (UA). Finally, to stabilize the reactor-
side boundary conditions, a control strategy was
implemented to keep the steam generator (SG) inlet
feedwater temperature at its design point. SG inlet
feedwater temperature drop caused by reduced feedwater
heating is assumed to be offset by additional steam
extraction downstream of the high-pressure turbine.

2.2. Economic analysis modeling

This study evaluates the life-cycle LCOH as a function
of distance transmission to assess the economic
competitiveness of different transport scenarios.
Comprehensive LCOH was determined by aggregating
constituent expenses across successive phases of
hydrogen production, compression, and delivery. A
Monte Carlo simulation was executed to address the
inherent uncertainties associated with critical, capital-
intensive input parameters. Each economic parameter,
identified by an asterisk (*) in the tables, was assumed to
follow a triangular distribution with a +20% uncertainty
margin relative to its baseline estimate. A total of 50,000
sampling iterations were performed to ensure the
statistical robustness of the results.

To normalize cost figures from various literature
sources, all financial data were standardized to 2024
USD. CAPEX was escalated using the Chemical
Engineering Plant Cost Index (CEPCI), while labor-
dependent operation and maintenance (O&M) expenses
were updated using the Unit Labor Cost (ULC) index.
An exchange rate of 1,400 KRW/USD was applied to
standardize the current-year data.

2.2.1. Hydrogen production cost

The LCOH for production was calculated by including
all expenses associated with the nuclear power plant that
generates energy and the electrolysis facility that
produces hydrogen. Due to the different design lifetimes
of the primary components, 60 years for the nuclear

reactor, 20 years for the electrolysis balance of plant
(BOP), and seven years for the electrolyzer stack—the
reinvestment expenditures for equipment with shorter
replacement cycles were converted to their present value
(PV) and included in the overall economic assessment.

LCOHp'roductian

(TClypp + Xty A+r)t

0&Mgp +Fuel
+PVstack + PVpop + Z{?V:IW)

O&MNpp+Fuelep + DeNpp + P&GNpp + WNPP

N HZ,t
1T+ )t
@)

The nuclear cost model incorporates capital
investment, O&M, fuel, and decommissioning costs, as
well as socio-political indirect costs. The SOEC system’s
total capital investment (TCI) is evaluated using a
specific cost correlation method that distinguishes
between scalable and modular components. Detailed
economic parameters, decommissioning costs, and
SOEC TCI correlation factors are provided in Appendix
A.

2.2.2. Hydrogen compression cost

Hydrogen produced via electrolysis is pressurized to
70 bar to meet the operational requirements for pipeline
transmission. The CAPEX for compressors is calculated
based on motor ratings and cost correlations derived
from the HDSAM framework. To align with the nuclear
plant's  60-year operational lifetime, periodic
reinvestment for compression equipment is discounted to
its PV and included in the total economic assessment.
Specific mathematical formulations for intercooler
CAPEX and foundational design variables for the
compression system are detailed in Appendix B.

O&Mcompression

PVcompression + Z{tvzl (1 + T‘)t

LCOHcompression = " Hz,t

®)

2.2.3. Hydrogen transmission cost

The transmission LCOH is evaluated based on a
pipeline methodology, with capacity designed according
to the target hydrogen demand. This assessment includes
the CAPEX for pipeline installation and the procurement
of booster compressors to overcome friction-induced
pressure drops. Regarding hydrogen loss, a mass loss of
0.5% is assumed for each booster stage to account for
dynamic seal leakage and venting. Operational costs are
determined using 2024 electricity grid SMP data.
Detailed pipeline unit costs and specific transmission
economic parameters are presented in Appendix C.
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LCOHtrans,pipe
TCIpipeline + PVcompressor
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3. Results
3.1. Thermodynamic analysis results

A study was conducted to determine the operating
conditions for the integrated system by varying the steam
extraction fraction upstream of the LPT. Since
comprehensive thermodynamic optimization is beyond
the scope of this economic study, the analysis focused on
identifying the operating point that maximizes the
hydrogen production rate. The resulting thermodynamic
performance parameters at these optimal conditions are
summarized in Table 5 for the three evaluated scenarios.
Large-scale NPP configurations achieve maximum
hydrogen production rates of 10.87 kg/s, with overall
efficiencies approaching 34%. In contrast, the i-PWR
scenario yields a production rate of 1.34 kg/s with an
efficiency of 31.07%. This difference in efficiency is due
to the higher baseline thermal efficiencies of large-scale
NPP power conversion systems compared to those of
SMR. The system capacities, compression work, and
energy consumption profiles derived from these
maximized production conditions serve as the baseline
for the subsequent life-cycle economic evaluation.

Table 5. Thermodynamic results for maximum

hydrogen production
Large-scale i-PWR +
NPP Pipeline
+Pipeline P
Hydrogen
production (kg/s) 10.87 1.39
Hydrogen
production 201.4 359
(k-ton/year)
Electrolyzer stack
capacity (MW) 1269.1 162.3
Electrolyzer BOP
power (MW) 11.16 0.83
Compressor work
(MW) 44.14 5.63
Compression stage
3 3
number
Hydrogen
production 34.16 32.15
efficiency (%)

3.2. Economic analysis results
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Figure 3. Breakdown of the LCOH for production and
compression

Large-scale NPP

Figure 3 shows a comparison of the components of the
LCOH for the large-scale NPP and i-PWR at the
production and primary compression stages, excluding
long-distance pipeline transmission. Each bar represents
the contribution of the nuclear power plant, SOEC, and
compression sectors, based on average Monte Carlo
simulation values. The error bars indicate the 95%
confidence interval of the total cost. The analysis results
show that the average LCOH at the plant gate for the
large-scale NPP is approximately [2.86 + 0.16] USD/kg-
Ha, demonstrating clear cost competitiveness compared
to the i-PWR, evaluated at around [3.47 + 0.16] USD/kg-
Ha. The most critical factor driving this cost difference is
the cost gap in the nuclear sector. The large-scale NPP
achieves strong economies of scale based on its
substantial 1,400 MWe output. This results in lower
overnight and O&M costs per unit of electricity.

In contrast, the 170 MWe i-PWR has a higher capital
cost per unit of output due to its smaller capacity,
resulting in higher hydrogen production costs. In both
scenarios, the SOEC sector accounts for the second-
highest proportion after nuclear power, indicating its
substantial impact on hydrogen production costs.
However, due to the nature of the process that converts
electrical energy into hydrogen, electrolyzer systems are
installed on a modular basis, regardless of reactor scale.
Consequently, the cost difference between the two
scenarios in the SOEC sector was less dramatic than in
the nuclear sector. Meanwhile, the cost of the
compression sector, which is required to pressurize the
hydrogen to 70 bars, was found to account for only a very
small proportion of the total LCOH.
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Figure 4. Break-even distance analysis of life-cycle
LCOH between the large-scale NPP and i-PWR
according to hydrogen demand scales.

Figure 4 compares LCOH for a large-scale NPP with
a long-distance pipeline and a distributed production
method with an i-PWR near the demand site (with a 3-
km pipeline). These values were derived through Monte
Carlo simulations for different demand scales (25, 100,
and 200 kt/yr). The solid lines in the graph represent the
average LCOH sampled 50,000 times. The surrounding
translucent shaded areas indicate the 95% confidence
interval, which reflects uncertainties in system capital
costs and other variables.

The pipeline transmission scenarios for the large-scale
NPP were subdivided according to annual hydrogen
demand to quantitatively verify differences in
transmission LCOH based on transport scale and
economies of scale effects of pipeline infrastructure. The
analysis results showed that, for a small-scale demand of
25 kt/yr (yellow solid line), the fixed cost of building the
infrastructure significantly increases the LCOH per unit
mass of hydrogen as the transmission distance increases,
resulting in the steepest increase. Conversely, for a large-
scale demand of 200 kt/yr (blue solid line), fixed
infrastructure costs are distributed through mass
transport via large-diameter pipes, resulting in a
relatively moderate increase in LCOH. Additionally, the
increases in steps observed in the pipeline transmission
curves indicate cost increases caused by the installation
of booster stations, which require additional compressors
and intercoolers, to compensate for pressure drops due to
pipe friction during long-distance transmission.

According to the break-even distance analysis, the i-
PWR-based direct production method secures high price
competitiveness compared to the large-scale NPP-based
long-distance transmission method beyond a specific
transmission distance. This method only performs short-
distance pipeline transmission. Based on the average
LCOH, the economic reversal occurs at approximately
80 km for a 25 kt demand, 120 km for a 100 kt demand,
and 170 km for a 200 kt demand. Furthermore, the
overlapping shaded regions of the 95% confidence
intervals suggest statistical risk intervals in which the
break-even distance could advance or delay depending

on the variation of uncertain variables, such as initial
investment costs.

The cost breakdown shows that large-scale NPPs have
an initial production cost advantage of about 0.6
USD/kg-H.. However, from a life-cycle LCOH
perspective, this benefit is quickly offset by investments
in pipeline infrastructure as transmission distance
increases and demand decreases. Therefore, large-scale
NPP deployment can be economically advantageous
when utilizing large-diameter pipelines to maximize
economies of scale. Conversely, for remote or small-to-
medium-scale demand sites, where such extensive
networks are impractical, an i-PWR-based distributed
production system is a plausible alternative.

4. Conclusions & Future works

This study conducted a comprehensive life-cycle
techno-economic assessment that compared hydrogen
production systems integrating SOEC technology with
either a centralized, large-scale NPP or a decentralized
SMR (i-PWR). The thermodynamic analysis revealed
that the large-scale NPP achieves a hydrogen production
efficiency of about 34%, while the i-PWR achieves about
31%.

From an economic perspective, the cost breakdown
revealed that large-scale NPPs have an initial production
cost advantage of about 0.6 USD/kg-H: at the plant gate.
This competitiveness is fundamentally driven by the
strong economies of scale inherent in large nuclear
facilities. However, life-cycle evaluation incorporating
pipeline delivery revealed that this production advantage
is quickly offset by the capital-intensive nature of long-
distance  transmission infrastructure. Break-even
distance analysis demonstrated that the economic
viability of each system is sensitive to transmission
distance and target hydrogen demand. For a demand of
25 kt/yr, on-site i-PWR production is more economical
than the large-scale NPP at a transmission distance of
approximately 90 km. This break-even point extends to
130 km and 190 km for larger demands of 100 kt/yr and
200 kt/yr, respectively. Consequently, large-scale NPP
deployment is primarily economically feasible when
utilizing large-diameter pipelines that maximize
economies of scale. In contrast, for remote or small-to-
medium-scale demand centers, where extensive pipeline
networks are impractical, deploying i-PWRs for
decentralized hydrogen production is a highly
competitive alternative because it eliminates long-
distance transmission costs.

Despite providing quantitative insights, this study has
several limitations that future research should address.
First, the integrated thermodynamic modeling relies on
steady-state assumptions and does not fully capture the
transient, dynamic behavior of the actual coupled system.
Additionally, the study did not explicitly model the
performance degradation of the SOEC stacks over time,
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which gradually reduces hydrogen production efficiency
and necessitates varying thermal or electrical inputs.
Future studies should incorporate dynamic simulation
frameworks and empirical degradation rates to evaluate
long-term operational stability.

Second, while Monte Carlo simulations were used to
address uncertainties, baseline capital expenditures were
primarily derived from literature values using a top-
down approach. To improve the accuracy of the
economic evaluation, subsequent research should
conduct detailed, bottom-up cost estimations at the
component level that reflect specific engineering designs
and domestic market conditions.

Finally, the pipeline transmission model makes
several assumptions. It simplifies fluid dynamics and
uses a uniform factor to estimate the routing length.
However, this approach neglects the significant impact
of complex topographical variations, elevation changes,
and transient flow phenomena on pressure drops and
flow velocities within the pipe. To optimize actual
routing and accurately quantify transmission
requirements, future pipeline assessments should
integrate geographic information system tools with
advanced fluid dynamic simulations.
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Appendix
Appendix A. Hydrogen production cost

In the nuclear power generation cost model, total
capital investment (TCI) was calculated by adding the
overnight cost (OC) and interest during construction
(IDC). O&M cost and fuel costs were estimated in
proportion to annual electricity generation. In
accordance with domestic nuclear regulatory standards,
the model also incorporates decommissioning costs for
nuclear facilities and management fees for low-,
intermediate-, and high-level radioactive waste. Socio-
political indirect costs, including subsidies for
surrounding communities and taxes on local resources,
were embedded in the estimation model as well.

Notably, this analysis clearly shows the differences in
calculating social and post-operational costs based on
reactor type. Calculations for large-scale nuclear power
plants were performed using publicly available social
cost data. Conversely, i-PWRs present a limitation due to
the restricted availability of public information about
their commercialization. To address this, the
decommissioning and social costs of the i-PWR were
estimated using a capacity-proportional scaling method
based on the reference cost data of large-scale NPP. The

specific economic parameters used in the model are
detailed in Table 6-8.

Table 6. Economic parameters of the nuclear power

plant
LargNel;;cale i -PWR
Parameter (2020 USD) 202[21 i,]ISD
[13]
. 2157 3500
*
Overnight Cost USD/kWe | USD/KkWe
18.44 28.96
*
O&M Cost USD/MWh | USD/MWh
Construction Period 7 years 3 years
Interest Rate 5% 5%
9.33 10.3
%
Fuel Cost USD/MWh | USD/MWh
Capacity Factor 85%

Table 7. Summary of decommissioning and radioactive
waste management costs (2020 USD) [15]

Large- .
Parameter scale NPP 1-PWR
Nuclear KRW KRW 3,406
o 12,070
decommissioning cost hundred
hundred o
(De) * oo million
million
Unit cost KRW 16,390,000 per drum
Annue}l 100 12 drums/year
generation | drums/year
LILW KRW KRW 1.97
Annual 16.39 hundred
cost * hundred uncre
o million
million
Unit cost KRW 615,521,000 per fuel
assembly
Total 4,175 fuel 507 fuel
HLW generation asslzrﬁal]les assemblies
KRW 52.01
Annual 428.3 hundred
cost * hundred unere
o million
million

Table 8. Parameters for policy-based indirect costs and
regional subsidies (2020 USD) [16]

Large-scale | .
Parameter NPP 1-PWR
Nelghbormg-arfaa Assistance 0.25 KRW/KWh
Subsidy
Local Resou;c;i and Facility 1 KRW/KWh
Host-area Support for a KRW KRW
Radioactive Waste Disposal 248.6 70.16
Facility billion billion
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Transmission Connection 1.02
Charge KRW/KWh

Parameters marked with an asterisk (*) were assumed to
follow a triangular distribution with a £20% uncertainty
margin for the Monte Carlo simulation. The CAPEX for
the SOEC system was determined using the required
system capacity, which was derived in Section 2.1.
Rather than relying on simple linear scaling, the TCI was
evaluated using a cost correlation method developed by
the Idaho National Laboratory. This analytical model
calculates the specific capital cost as a function of plant
capacity ( Pg, ), distinguishing the economic
contributions of scalable and modular equipment
components.

— n n
TCISOEC - m(ascalablep scalable +- amadularP modular)
(10)

To reflect the initial phase of commercial deployment,
the correlation parameters corresponding to the first-of-
a-kind (FOAK) plant type were applied. The specific
TCI parameters, as well as the base stack cost and
operation and maintenance expenditures calibrated to
South Korean labor standards, are compiled in Table 9
and 10.

Table 9. SOEC TCI correlation parameters *
(FOAK, 2020 USD) [10]

Parameter Value
SOEC stack cost $155/kW-dc
m 1.2383
Ascalable 799.1
Nscalable -0.505
Amodular 596.4
Nmodular -0.043

Table 10. O&M assumptions for hydrogen production

plant
Parameter Value
Total Plant Staff [17] 16 (corresponds
to 800 tonne/day
design hydrogen
production
capacity)
Burdened labor cost $16.87/hr
G&A rate/costs [18] 20% of labor
Property tax and insurance [18] 2% of TCIg;, per
year

Production maintenance and 3% of DCCyy, per
repair [18] year

Appendix B. Hydrogen compression cost

CAPEX compressor[2013$] = 1.3 X 40528 X (Nyorking +

nbackup) X MR0'4603 (11)

Intercooler CAPEX was evaluated using the shell-and-
tube heat exchanger economic methodology proposed by
Turton et al. [19]. The foundational purchase cost (Cg) is
derived from the heat transfer area (Ayy), according to
Eq. (12). This base value is then adjusted using material
(Fy) and pressure (Fp) correction factors to yield the
final installed cost (CAPEX ytercooter) @S detailed in Eq.
(13,14). A comprehensive summary of these critical
design variables is provided in Table 11.

log1o C3 = Ky + Kj+logig Auyx + Kz (logio Aux)*  (12)

logo Fp = C; + Cy-logio P+ Cs - (logyo P)* (13)

CAPEXintercooter = Cg(Bl + B,FyFp) (14)
Table 11. Input parameters for the compression system
model [12]
Parameter Value
Safety / service factor (SF) 1.1
Working compressors 2 units
Backup compressors 1 unit
Design lifetime (N) 15 years
O&M cost (O&M) 4% of CAPEX per year
HX type STHE

Appendix C. Hydrogen transmission cost

The economic assessment of pipeline delivery includes
the CAPEX for pipeline installation, determined by a
diameter-specific unit cost. It also includes the cost of
procuring booster compressors, if necessary, to
overcome pressure drops. Regarding hydrogen loss
during delivery, permeation through the pipeline wall is
considered negligible and thus ignored. However, a mass
loss of 0.5% is assumed for each booster compressor
stage due to dynamic seal leakage and venting [20]. The
estimated actual routing length of the pipeline was
calculated by multiplying the straight-line distance
between the production and demand nodes by a
tortuosity factor of 1.4. The electricity required to
operate the compressors is assumed to be drawn from the
electricity grid, and the associated costs were calculated
using the average SMP in 2024.

The economic parameters that govern the pipeline
transmission strategy are presented in Table 12.
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Consistent with the cost evaluation of the previous
components, the PV of all periodic replacement and
operational expenses for the transmission equipment
over the nuclear power plant's operational lifetime were
calculated and included in the final life-cycle LCOH.

Table 12. Pipeline unit capital costs [21]

(inch) USD/[IJnsig *(2024 (ref, 2008 USD)
1.18 0.58
2.44 1.2
4.06 2

12 6.9 34

16 9.54 4.7

20 12.0 59

Table 13. Economic parameters used for transmission
cost model [12, 22]

Parameter Value
Pipeline lifetime 60 years
O0&Mpipe 2.5% X CAPE Xpipe
SMP (2024, Korea) 128.39 won/kWh
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