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Abstract: Hydrogen fuel cell vehicles (FCVs) offer a low-emission alternative to petroleum-based transport, and nuclear
energy has been proposed as a low-carbon, continuous-supply feedstock capable of meeting projected hydrogen demand growth.
Existing literature addresses nuclear hydrogen production and FCV performance largely from either a production-side or vehicle-
side perspective; while some studies extend past the plant gate into transport or full-chain emissions, the studies identified in this
review do not jointly harmonize cost and environmental accounting for a matched reactor—vehicle configuration. This paper
presents an integrated techno-economic and environmental case study of nuclear-produced hydrogen for FCVs, using a light
water reactor-integrated high-temperature steam electrolysis (HTSE) plant paired with a passenger FCV as a representative
configuration, informed by a review of the existing techno-economic and environmental literature on nuclear hydrogen
production and FCVs. Harmonized to a common reference year, plant-gate production cost is $2.40/kg, rising to $13.76-22.22/kg
delivered (40% station utilization base case) once transportation, storage, and station dispensing, the dominant cost driver,
calculated using Argonne's HRSAM model, are included. Well-to-gate emissions, calculated using Argonne's 45VH2-GREET
2023 model, are 0.10 kg CO:-eq/kg He, corresponding to production-stage emissions of 1.4 g COz-eq/mile. For comparison,
using GREET 2023 fuel-cycle electricity emission factors, the representative BEV produces 105.5 g COz-eq/mile on the U.S.
average electricity mix and 0.66 g COz-eq/mile under the LWR nuclear-electricity scenario. These results demonstrate the strong
influence of electricity supply on BEV emissions; however, the FCV and BEV values represent different stages of the respective
energy pathways and should not be interpreted as a fully harmonized vehicle-level life-cycle comparison. Within this specific
configuration, nuclear-coupled hydrogen has a substantially lower estimated delivered cost than the most recent available retail
benchmark, while dispensing infrastructure and policy conditions remain important determinants of its economic
competitiveness. These findings are illustrative of one representative case and should not be generalized across reactor types,
delivery configurations, or vehicle segments; harmonized data across additional configurations remain a priority for future work.
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1. Introduction

The transport sector remains heavily dependent on petroleum-based fuels, and decarbonization efforts have increasingly turned
to hydrogen as a promising energy carrier, particularly for heavy-duty and long-distance vehicle segments that are difficult to
electrify directly [1]. However, most hydrogen produced today comes from fossil fuels, mainly via steam methane reforming
(SMR), resulting in substantial associated CO: emissions [2]. In the United States alone, hydrogen production consumes nearly
5% of national natural gas usage and generates approximately 77 million tonnes of CO: annually [3].

Nuclear energy offers a low-carbon alternative that can meet the anticipated growth in hydrogen demand [2]. Unlike variable
renewable sources such as solar and wind, nuclear power plants provide continuous, weather-independent electricity generation,
and advanced reactor designs can also supply the high-temperature process heat needed to improve hydrogen production
efficiency [4]. Nuclear energy can produce hydrogen through three principal pathways: low-temperature electrolysis, high-
temperature steam electrolysis, and thermochemical water-splitting cycles. Each pathway differs in operating temperature, energy
requirements, efficiency, and technology maturity.
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Several nuclear-coupled hydrogen production routes are currently under active development, including low-temperature
electrolysis, high-temperature steam electrolysis (700-950 °C), and the sulfur—iodine thermochemical cycle. Japan and China
are pursuing the sulfur—iodine cycle using the HTTR and HTR-PM600 reactors, respectively [4]. These developments are further
supported by coordinated international initiatives, including the IAEA's nuclear hydrogen programs and the U.S. Department of
Energy's H2@Scale program, which aim to accelerate the large-scale production of low-carbon hydrogen from nuclear energy
sources [5].

Hydrogen fuel cell vehicles (FCVs) produce zero tailpipe emissions and represent a compelling alternative to internal combustion
and battery electric vehicles (BEVs) for applications requiring long range and rapid refueling. However, their broader deployment
remains constrained by the cost and carbon intensity of the hydrogen supply chain. The U.S. Department of Energy's Hydrogen
Shot initiative targets a production cost below $2/kg by 2026, and $1/kg by 2031, yet current electrolytic hydrogen production
costs remain in the range of $6—8/kg [6]. Nuclear-coupled high-temperature steam electrolysis (HTSE) has been proposed as one
pathway toward closing this gap, though its cost competitiveness depends strongly on reactor integration and electricity pricing
assumptions [7]. Where hydrogen is not produced cleanly, affordably, and reliably, the well-to-wheel environmental advantage
of FCVs over conventional vehicles is substantially eroded, and their cost competitiveness relative to BEVs is further
undermined.

Existing studies provide important but complementary coverage of the problem. Reviews of hydrogen-production techno-
economics, such as Nemitallah et al. [8], examine the costs and technology status of hydrogen-production pathways broadly but
do not develop a matched nuclear-reactor/FCV case study. Reviews focused on fuel cell vehicles, such as Halder et al. [9],
synthesize vehicle performance, emissions, and economic considerations across hydrogen pathways but do not trace a specific
nuclear-integrated production system through downstream delivery to a defined vehicle. Mohideen et al. [ 10] examine the techno-
economics of different hydrogen pathways for fuel-cell electric vehicles, but do not develop the nuclear-coupled reactor—
electrolyzer, station-level delivery, and vehicle case considered here. Lyu et al. [11] extend the environmental assessment of
FCVs across the hydrogen supply chain, while Li et al. [12] examine the life-cycle environmental performance of a nuclear-
based hydrogen system including downstream logistics; neither provides the combined cost and station-level economic treatment
developed in the present case study. Thus, to the best of our knowledge, based on the literature reviewed in this study (Section
3.2), which does not claim systematic completeness, the contribution of this paper is not that these individual dimensions have
not previously been studied, but that it integrates them within a defined nuclear-integrated HTSE configuration, a representative
refueling station, and a passenger FCV while explicitly harmonizing the available cost data and documenting where
environmental and economic boundaries cannot be fully aligned.

To address this gap, this review synthesizes the techno-economic and environmental literature on nuclear-produced hydrogen as
a fuel source for FCVs and illustrates its practical implications through a representative case study. The specific objectives are
to: (i) synthesize the techno-economic literature on hydrogen production using nuclear energy relevant to FCV applications; (ii)
synthesize the life-cycle environmental literature on nuclear-produced hydrogen in comparison with conventional and renewable
hydrogen production pathways; (iii) illustrate, through a single representative reactor—electrolyser configuration and vehicle case,
how production-level cost and emissions figures translate into vehicle-relevant outcomes, delivered (pump) cost and well-to-gate
emissions, harmonizing cost and emissions figures to a common reference year and system boundary wherever the underlying
data permit, and making explicit where they do not.

By integrating the techno-economic and environmental literature on nuclear hydrogen production within a single framework, and
by illustrating how plant-level figures translate into vehicle-relevant outcomes for one representative configuration, this study
aims to clarify the extent to which current evidence supports these outcomes, and identify the limits of that evidence, and to
identify where further study, across additional reactor types, vehicle segments, and harmonized primary data, is needed before
broader conclusions can be drawn.
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2. Literature Review

2.1 Nuclear Hydrogen Production Pathways
2.1.1 Low-Temperature Electrolysis

Low-temperature electrolysis (LTE) uses electricity from a nuclear power plant to split water into hydrogen and oxygen at near-
ambient temperature, using either PEM or alkaline (AWE) cell technology [13,14,15]; PEM offers faster dynamic response,
while alkaline is more mature and lower-cost [16,17,18].

Reported stack efficiencies span roughly 62—82% across both technologies, though individual studies report inconsistent
temperature, current density, and voltage subsets (Table 1) [16,19,20,21]. Whole-plant, nuclear-integrated LTE data is scarce by
comparison, only two studies were identified, at 22.9% and 37.44% system efficiency [22,23] (Table 2), neither stating an
HHV/LHYV basis, limiting comparability with HTSE's explicitly HHV-based figure (Table 4) [7], a limitation noted here but not
resolved (Section 2.4).

Table 1. Stack-level LTE operating conditions

System/ Technology Temperature Current Cell System Specific Energy Basis
Study Density Voltage Efficiency Consumption (HHV/LHYV)
(%)
[19] PEM not reported not reported  not not reported 4.1-4.3 kWh/Nm?®  Not stated
reported H-
[19] Alkaline not reported not reported  not not reported 4.6-4.8 kWh/Nm?®  Not stated
reported H-
[20] PEM 70 °C (optimal) 200 mA/cm? not 67.5% 58.37 kWh/kg H.  Not stated
(optimal) reported
[16] PEM <80-90 °C 1-3 A/em? 1.567 Vat 67-82% not reported HHV
1 A/cm?
[16] Alkaline not reported 0.2-0.4 not 62-82% not reported HHV
A/cm? reported
[21] PEM 80 °C 2 A/cm? 1.9V 65.3% 51.1 kWh/kg Ha Not stated
[21] PEM 80 °C 3 A/cm? 1.8V 69.2% 48.2 kWh/kg H Not stated
[21] PEM 80 °C 3 A/cm? 1.7V 73.2% 45.5 kWh/kg H. Not stated

Table 2. Whole-plant, nuclear-integrated LTE efficiency

System/Study Technology Temperature Current System Efficiency Basis (HHV/LHYV)
Density

[22] APR1400-integrated PEM PEM notreported  not 22.9% thermal-to-  Not stated

electrolysis reported hydrogen

[23] nuclear—desalination—-PEM PEM not reported  not 37.44% Not stated

peak-shaving system reported

2.1.2 High-Temperature Steam Electrolysis

High-temperature steam electrolysis (HTSE) operates in the 700-800 °C range (some designs up to ~850-950 °C) and achieves
thermal-to-hydrogen conversion efficiencies of 50% or higher. Reactor heat generates the steam feed while reactor-generated
electricity drives the electrochemical splitting step, reducing overall electrical demand relative to low-temperature electrolysis
[24]. Table 3 and Table 4 summarize representative operating conditions at the stack and whole-plant scale.
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Table 3. Stack-level HTSE operating conditions

System/Study Temperature Current Density  H: Production Basis
Efficiency (HHV/LHYV)

Optimized operation, early stage [25] 721.7-784.1 °C 0.8 A/cm? 54.6-55.5% LHV

Optimized operation, later stage [25] ~700 °C 0.59-0.70 A/cm? 49.5-51.2% LHV

Table 4. Whole-plant system-level HTSE efficiency (nuclear-integrated)
System/Study Temperature Current Density System Efficiency Basis (HHV/LHYV)

GW-scale LWR-integrated HTSE [7] 800 °C 1.5 A/lem? 90.2% HHV

HTSE appears promising for large-scale nuclear hydrogen, but materials and stack lifetime still limit commercialization,
especially under sustained high temperature, high current density, and transient operation; key issues include electrode instability,
Ni oxidation, delamination, and thermal-cycle damage [24,25]. Compared with low-temperature electrolysis, HTSE offers higher
energy-conversion efficiency because a significant fraction of the required energy is supplied as heat rather than electricity;
however, long-term materials stability and stack durability remain the principal barriers to large-scale deployment.

2.1.3 Thermochemical Cycles

Thermochemical cycles split water into hydrogen and oxygen through a series of chemical reactions operating at temperatures
well below the ~3000 K required for direct thermal dissociation of water [26]. The three most-studied cycles are sulfur—iodine
(S-1), copper—chlorine (Cu-Cl), and hybrid sulfur (HyS), each combining thermal and (for Cu-Cl and HyS) electrochemical steps
at different peak temperatures, making them suited to different reactor heat-supply capabilities [27,28,29]. Table 5 summarizes
reported efficiencies and costs for all three cycles, and Table 6 compares their strengths, limitations, and nuclear-reactor
compatibility. The reported cost ranges originate from studies with differing years, regions, economic assumptions, and system
boundaries. They are presented to summarize the range of values reported in the literature and should not be interpreted as directly
comparable cost estimates.

Table 5. Quantitative comparison of S-I, Cu-Cl, and HyS thermochemical cycles [26,30]

Cycle Type Peak Temperature Typical Efficiency Typical H: Cost
S-1 Pure thermochemical ~900 °C ~35-38% (realistic); ~$3.5-12/kg
higher in optimized cases
Cu-Cl  Thermochemical/hybrid ~500-550 °C depending on process  ~32-58.6% ~$1.28-15.56/kg
variants configuration, lower than S-I
HyS Hybrid thermo- ~700-900 °C (thermal section) ~35-48.8% ~$2.97-9.98/kg
electrochemical

Note: Cost figures are drawn from studies with differing publication years, plant scales, and cost boundaries; ranges should not be interpreted
as directly comparable across cycles.

Table 6. Qualitative comparison of S-1, Cu-Cl, and HyS cycles [26,30]

Cycle Main Strength Main Limitation Nuclear Fit
S Most extensively developed Severe corrosion and difficult acid/HI ~ Strong fit for high-temperature gas-
) for nuclear applications decomposition sections cooled/VHTR reactors
c Lower peak temperature; Performance depends strongly on step  Often considered easiest to couple with
C;l- easier heat-source coupling configuration and integration Generation IV nuclear heat
HvS Leading sulfur-based hybrid Requires both thermal and electrical Well suited where nuclear systems can
Y

option input supply heat and power together
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Table 5 summarizes reported efficiencies and costs for all three cycles, and Table 6 summarizes their comparative strengths,
limitations, and nuclear-reactor compatibility; notably, one HTGR integration study explicitly recommended Cu-Cl over S-I
under the specific plant conditions considered [27]. Sulfur-based cycles share a common sulfuric acid decomposition section,
which dedicated reviews have focused on, including reactor configurations, catalytic formulations, and structural materials [31].

2.2 Techno-Economic Assessment

The case for nuclear as a hydrogen feedstock rests on the following observation: reactors run at high capacity factors, produce
steady electricity, and, in several reactor classes, generate process heat that electrolyzers can use directly [32,33]. This process
heat is a significant advantage. High-temperature routes consistently beat conventional electrolysis when nuclear supplies the
energy: a PWR-based high-temperature electrolysis system reached 68% higher efficiency than conventional electrolysis, with a
comprehensive energy recovery ratio of 17.65% [12].

HTGRs remain the most extensively studied reactor type for hydrogen cogeneration, owing to their high core-outlet temperatures
(up to ~950 °C), which suit both HTSE and thermochemical cycles [24,27]. Plant scale also affects unit cost. Modeled Fischer—
Tropsch e-fuel production shows the minimum fuel selling price dropping from $3.61 per gallon at 100 MWe to $2.66 per gallon
at 1000 MWe, assuming a $3/kg hydrogen tax credit [32], a sufficiently large difference that plant scale alone can determine
project economic viability. Nonetheless, several reviews present the economics cautiously: nuclear hydrogen is generally
presented as a long-term investment justified by cost trajectory, resource security, and supply reliability, rather than as the
cheapest hydrogen available right now [8,33].

2.3 Environmental Assessment

Emission trends are directionally consistent across studies but vary considerably in magnitude. Every comparative life-cycle
assessment reviewed here finds nuclear-based hydrogen routes emitting far less greenhouse gas than conventional, fossil-derived
hydrogen [34,35,36]. The magnitude of this reduction varies considerably across studies, and much of that variation reflects
differing system boundaries rather than differing pathway performance. One comparative nuclear LCA put high-temperature
electrolysis at 0.4768 kg CO2-eq per kg of hydrogen and conventional electrolysis at 0.7071 kg CO2-eq per kg, with copper-
chlorine cycle variants running noticeably higher, around 1.2 to 1.35 kg CO:-eq per kg [35]. A broader survey of clean hydrogen
pathways found the copper-chlorine cycle could reach as low as 0.86 kg CO:-eq per kg under favorable renewable heat-and-
power assumptions, compared with 7.95 kg CO:-eq per kg for conventional hydrogen [34]. These figures are production-stage
(plant-gate) estimates. A more recent full-chain PWR-HTE study, by contrast, reports 2.18 kg CO--eq per kg, a figure that extends
past the plant gate into transport and the broader industrial chain, and is therefore not directly comparable to the plant-gate figures
above [12].

Table 7. Life-cycle GHG emissions by nuclear hydrogen production pathway

Pathway Emissions (kg CO:- Scope Source
eq/kg Hz)

High-temperature electrolysis 0.4768 Production-stage [35]
Conventional electrolysis 0.7071 Production-stage [35]
Copper-chlorine cycle 1.2-1.35 Production-stage [35]
Copper-chlorine cycle (favorable ~0.86 Production-stage [34]
renewable heat/power)

Conventional (fossil-derived) 7.95 Production-stage [34]
hydrogen, for reference

Full-chain PWR-HTE 2.18 Full-chain (includes transport, industrial [12]

chain - not just plant gate)

The dominant sources of these emissions differ by pathway. In HTGR-based assessments, electrolyzer manufacturing and spent
fuel disposal dominate the footprint [36]. In the PWR-HTE study cited above, transportation alone accounted for 58.7% of global
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warming potential, more than construction and operation combined [12]. This figure strongly suggests that hydrogen's climate
performance depends as much on logistics as on the reactor technology itself. The choice of hydrogen source also directly shapes
vehicle-level outcomes. Hydrogen fuel cell electric vehicles cut greenhouse gas emissions by 50 to 90% relative to gasoline
vehicles, with the exact figure depending on the hydrogen pathway feeding the tank [9]; among the pathways assessed in whole-
industry-chain FCV studies, nuclear thermochemical water splitting is the strongest performer [11].

2.4 Gaps in the Current Literature

Production-side life-cycle assessment is relatively well established for HTSE and thermochemical cycles; low-temperature
electrolysis, by contrast, has received comparatively little dedicated production-cost or life-cycle treatment in the literature
reviewed here (Section 2.1.1). The remaining supply chain has also received considerably less attention than production itself.
Some recent studies do trace nuclear hydrogen past the plant gate; Li et al. [12] extend a PWR-HTE life-cycle assessment through
transportation logistics, and Lyu et al. [11] connect hydrogen-pathway choice to full FCV life-cycle outcomes for a matched
reactor-vehicle case: Li et al. [12] is environmental-only and does not extend to a specific refueling station or vehicle model,
while Lyu et al. [11]'s techno-economic detail is limited relative to its environmental scope.

This gap reflects a consistent pattern in the literature: production-focused studies (Section 2.3) generally stop at the plant gate or,
at most, transportation, while the vehicle-oriented literature approaches the problem from the opposite direction, emphasizing
that commercial viability depends just as much on refueling cost, storage technology, fuel cell durability, and infrastructure build-
out [9,10,37]. These two bodies of literature rarely combine cost and environmental accounting for the same specific
configuration. The practical consequence is that nuclear hydrogen can look favorable in a plant-gate cost assessment, while its
delivered, pump-level cost and the emissions associated with hydrogen delivery remain comparatively underexamined. A second,
more specific gap concerns data comparability rather than coverage. Cost and emissions figures compiled across studies (e.g.,
the thermochemical cycle cost ranges in Table 5) are frequently presented without disclosing the underlying primary study's
reference year, region, or system boundary.

This imbalance is evident when research coverage is assessed across dimensions: studies of nuclear electrolysis and
thermochemical cycles cluster heavily around techno-economics and life-cycle GHG accounting; full FCV supply-chain and
refueling-infrastructure studies cluster on vehicle integration and deployment; and comparatively few studies combine both for
one matched configuration. National transition modeling remains under-represented across all reviewed categories.

2.5 Synthesis

This literature broadly confirms that nuclear power can produce low-carbon hydrogen; high-temperature electrolysis paired with
advanced reactors, along with thermochemical cycles, most consistently emerge as strong performers on efficiency and emissions
grounds [11,36]. A narrower but more consequential question remains only partly resolved: whether the delivered cost of that
hydrogen, once transport distance and refueling infrastructure are priced in, can compete well enough to support fuel cell vehicles
at meaningful scale [10,12,37]. To illustrate what such an analysis involves, and to make explicit where the underlying data can
and cannot be harmonized, Section 4 works through one representative reactor-electrolyzer configuration and vehicle case in
detail. This worked example is intended to demonstrate the method and surface data limitations, not to resolve the broader
question definitively; doing so would require comparable treatment across additional reactor types, vehicle segments, and
primary (rather than secondary-review) cost data.

3. Methodology
3.1 Research Design

This paper adopts an integrated case-study design in which original techno-economic and environmental modeling-production-
stage greenhouse gas emissions and station dispensing cost, generated specifically for a representative HTSE-FCV configuration
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using established, publicly available modeling tools (Sections 3.3-3.4) is informed and contextualized by a narrative synthesis
of the existing literature. Cost, efficiency, and emissions figures for three nuclear-coupled hydrogen production pathways, low-
temperature electrolysis, high-temperature steam electrolysis (HTSE), and thermochemical cycles are otherwise drawn from
peer-reviewed studies, agency reports, and international assessments (IAEA, DOE, GIF/NEA) and evaluated for techno-
economic and environmental performance in the specific context of hydrogen fuel cell vehicles (FCVs). Section 3.3 then applies
this combined literature-derived and original data to a single, representative, internally consistent case study, illustrating how
production-level figures translate into vehicle-relevant outcomes; this case study is intended to demonstrate the method and
surface data limitations rather than to resolve the broader techno-economic question definitively (Section 2.5).

Screens LTE, HTSE, and thermochem-
ical pathways; highest-efficiency, most
mature configuration selected (90.2%
HHV)

Literature synthesis
(Sections 2.1-2.5)

Y

Provides plant-gate production cost

Pathway Selection: Wendt et al. [7]
(LWR integrated HTSE)

(Dispensing + Transport/Storage)

Environmental Analysis: GREET
(45VH2-GREET 2023)

Y

Vehicle Metrics
(Toyota Mirai vs. Tesla Model 3)

Y D (T (=) (O

Cost Chain: HRSAM ]

Y
Results
(Delivered Cost &
Production-Stage Emissions)

($1.86/kg, 2020 USD) and process pa-
rameters for the selected pathway

Argonne HRSAM models station dis-
pensing cost; Brattle Group [38] sup-
plies transport/storage cost — together
with production, yields delivered $/kg

Argonne 45VHE-GREET converts pro-
cess parameters into production-stage

GHG emissions (kg CO2/kg H2)

Converts §/kg and kg CO2/kg into
8/mile and g CO2/mile using Mirai
and Model 3 fuel-cconomy figures

Delivered cost and production-stage
emissions compared against current
retail price and BEV benchmarks

Figure 1. Methodological workflow adopted in this study, illustrating the integration of literature synthesis with representative
case-study analyses for techno-economic and environmental evaluation of nuclear-produced hydrogen for FCVs
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3.2 Data Collection Framework

Sources were identified through a narrative review process rather than a fixed, systematic-review protocol (e.g., PRISMA); this
review does not claim systematic completeness, though efforts were made to ensure a comprehensive and balanced selection of
relevant literature within this scope. The literature search was conducted between July 2026 and August 2026. Literature
identification combined manual search through Google Scholar with Al-assisted literature discovery using Consensus, an
academic search platform built on the Semantic Scholar corpus, using search strings combining terms such as ("nuclear hydrogen
production" OR "high-temperature steam electrolysis" OR "thermochemical water splitting") AND ("techno-economic analysis"
OR "life-cycle assessment") AND ("fuel cell vehicle" OR "hydrogen refueling infrastructure"). Titles and abstracts were screened
for relevance and limited to English-language, peer-reviewed journal articles and major agency reports (IAEA, DOE,
GIF/OECD-NEA), followed by full-text review of selected sources; reference lists of included articles were also reviewed to
identify additional relevant studies (citation tracing). Sources surfaced by Consensus were independently retrieved and read in
the original peer-reviewed source or report before inclusion, rather than relied upon via Consensus's Al-generated summary.

Sources were further restricted to those published in 2020 or later to maintain comparability across the nuclear fuel cycle's
technological vintage, enrichment method, reactor capacity factor, and background grid composition, and to limit the range of
currency/price levels requiring inflation adjustment (Section 3.3). We retain foundational references describing established
electrolysis or thermochemical-cycle chemistry regardless of publication date, as this material describes fixed chemical and
physical principles rather than time-sensitive performance data. Older techno-economic studies are likewise retained where cited
only as a historical benchmark against which more recent, harmonized cost estimates are compared, rather than as primary data
feeding into this study's own harmonized figures.

A source was qualified for inclusion if it reported quantitative information on production cost, energy efficiency, operating
conditions, hydrogen output, or life-cycle greenhouse gas emissions for nuclear-coupled hydrogen production systems. Studies
focusing exclusively on non-nuclear hydrogen pathways were included only when they provided relevant comparative
benchmarks, such as conventional steam methane reforming (SMR), renewable electrolysis, or battery electric vehicles (BEVs).
No additional numerical exclusion criteria were applied. When multiple studies reported values at different system scales (e.g.,
stack-level, plant-level, or fuel-cycle level), those distinctions were preserved rather than averaged, ensuring that comparisons
remained consistent with the original system boundaries and assumptions reported by each source.

The final reference list included 47 sources. Consistent with the date restriction described above, 39 dated sources were published
in 2020 or later; one earlier source [38] was retained under the exceptions noted above, and three institutional web pages are
undated [3-5]. This review does not report full database-level search statistics (number of records initially identified, duplicates
removed, or records excluded at each stage), consistent with its narrative rather than systematic design.

3.3 Techno-Economic Assessment Method

The techno-economic assessment compares levelized cost of hydrogen (LCOH, in USD/kg) across the three nuclear-coupled
pathways, drawing on cost ranges compiled from the literature where available - most comprehensively for thermochemical
cycles (Table 5); comparable literature-compiled cost ranges for LTE and HTSE are considerably sparser, a gap noted in Section
2.4. Cost figures were harmonized to a common reference year of June 2026 using the U.S. Bureau of Labor Statistics CPI-U
(All Items, U.S. city average, not seasonally adjusted; series CUUROO00SAO) [39], where the underlying primary source's
publication year and currency basis were individually traceable; where cost ranges were compiled within secondary reviews
whose underlying primary-study years are not individually recoverable (Table 5), this limitation is noted explicitly (Section 2.4).
Each input cost was converted individually to June 2026 USD before combination, using the annual-average index for its
reporting year (240.007 for 2016, 258.811 for 2020, and 313.689 for 2024) and the June 2026 monthly index (333.952). This
yields harmonization factors of x1.3914 (2016—June 2026), x1.2904 (2020—June 2026), and x1.0646 (2024—June 2026),
applied respectively to the HRSAM default cost basis, the Wendt et al. plant-gate cost, and the Brattle Group transportation and
storage costs prior to summation. Tables 1—4 present the corresponding range of reported efficiency values across the literature.
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The Wendt et al. (2022) LWR-integrated HTSE configuration was selected as the representative case study primarily because it
provides a complete and internally consistent dataset suitable for the harmonized cost and emissions treatment adopted in this
study. The study reports detailed capital and operating cost data, process-level electricity and thermal requirements, operating
conditions, and sensitivity results, allowing harmonization to a common reference year and evaluation using the Argonne 45VH2-
GREET 2023 framework. The selection therefore relied primarily on data completeness and methodological compatibility rather
than reported cost or efficiency. Nevertheless, the Wendt configuration represents a favorable, GW-scale NOAK (n-th-of-a-kind)
scenario: the source reports a whole-plant efficiency of 90.2% on an HHV basis and a base-case LCOH of $1.86/kg at an
electricity price of $30/MWh, while explicitly describing the constant-production configuration as a bounding or limiting
scenario. These characteristics mean the selected configuration should not be interpreted as representative of the full range of
possible LWR-HTSE performance, and its reported efficiency and production cost likely lie toward the more optimistic end of
the performance range reported in the literature. Accordingly, we interpret the results from this configuration as scenario-specific
estimates rather than representative values for all LWR-integrated HTSE systems. As an additional economic robustness check,
the less-favorable individual-parameter sensitivity reported by Wendt et al. is considered in the Results section to illustrate the
sensitivity of the production cost to the underlying economic assumptions [7].

The representative case study presented in this section employs a single, internally consistent source chain based on the HTSE
reference design reported by Wendt et al. Published capital, operating, and hydrogen production data are harmonized to a
common reference year before calculating plant-gate hydrogen production cost. Downstream transportation and storage costs are
incorporated using published cost data [40], similarly harmonized. Transportation and storage cost estimates from Brattle Group
(2024) [40] correspond to the report's compressed gaseous hydrogen trucking scenario for distances under 150 miles, consistent
with this case study's tube-trailer-supplied station configuration. This scenario assumes compressed gaseous trailers with a
capacity of approximately 560-900 kg Hz, compressed to above 180 bar (2,600 psig) for road transport. Storage cost assumptions
correspond to above-ground compressed-gas storage, modeled in the source report at approximately 500 bar. The source report
does not specify payload utilization, return-trip logistics, fuel consumption, hydrogen losses in transit, or loading/unloading time
assumptions underlying its cost estimates; these parameters are therefore inherited as embedded assumptions within the Brattle
Group figure rather than independently verified or modeled in this study. Station dispensing cost was calculated using the
Hydrogen Refueling Station Analysis Model (HRSAM), Version 2.0, developed by Argonne National Laboratory with support
from the U.S. Department of Energy [41]. The modeled station uses gaseous hydrogen supplied by tube trailer and cascade
dispensing at a vehicle service pressure of 700 bar, with a design capacity of 600 kg H»/day and thermal-buffering precooling.
The station configuration includes four hoses and four dispensers, a five-minute vehicle filling time, a two-minute vehicle
lingering time, a maximum dispensed quantity of 5 kg H2 per vehicle, one main compressor operating with two compression
stages, no booster compressor, and an isentropic compressor efficiency of 75%. Hydrogen loss during compression is set at 0.5%.
HRSAM economic inputs use a 2016-dollar cost basis, a 10% real after-tax discount rate, a 10-year analysis period, a 1.9%
inflation rate, and an electricity price of $0.12/kWh. Station utilization was varied across 25%, 40%, 60%, and 80%, with the
resulting dispensing costs harmonized to June 2026 USD using the CPI-U methodology described above; the corresponding
results are reported in Table 8. For each utilization level, HRSAM Version 2.0 was evaluated under three production-volume
scenarios designated Low, Mid, and High. These scenarios represent progressively greater component-cost maturity and
production-volume effects within the HRSAM model: the Low scenario uses the reference component-cost assumptions, while
the Mid and High scenarios apply progressively greater component-cost reductions according to the model's technology-
experience categories. Thus, Low, Mid, and High do not represent different station capacities or hydrogen-production processes;
they represent alternative component-cost maturity assumptions within the same modeled station configuration. All utilization
cases (25%, 40%, 60%, and 80%) and all three component-maturity cases (Low, Mid, and High) were generated by the authors
by running HRSAM Version 2.0 with the inputs listed above; they are not taken from any published source.

To assess what production cost means in practice for FCV users, LCOH values are translated into vehicle-relevant metrics using
the Toyota Mirai as a reference case (fuel economy =~ 71.8 mi/kg, tank capacity 5.6 kg H2, 2026 model year) [42], matched to the
same model year as the representative BEV (Section 3.4), following Equations 1-3:

Cost per mile ($/mi) = LCOH ($/kg) + Fuel economy (mi/kg) (1)
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Cost per fill ($) = LCOH ($/kg) x Tank capacity (kg) 2)

Range per fill (mi) = Fuel economy (mi/kg) x Tank capacity (kg) 3)

These calculations are applied at two levels: (i) using the plant-gate production cost reported in the case-study source [7], and
(i1) using a delivered (pump) cost incorporating transportation and storage [40] and station dispensing calculated for this study
using Argonne National Laboratory's Hydrogen Refueling Station Analysis Model (HRSAM), with all three cost components
harmonized to a common reference year. This distinction is necessary because reported LCOH values frequently represent
production-stage cost only and exclude downstream supply-chain costs, as detailed earlier in this section.

3.4 Environmental Assessment Method

The environmental assessment combines a comparative review of published greenhouse gas (GHG) emissions across varying
system boundaries with an original well-to-gate emissions assessment of the representative HTSE case study. Published
emissions data for low-temperature electrolysis, high-temperature steam electrolysis, and thermochemical hydrogen production
pathways were compiled from recent peer-reviewed studies and international agency reports (Table 7). Because reported
emissions depend strongly on system boundaries (e.g., production-stage, well-to-gate, or well-to-wheel), values were compared
only within equivalent assessment boundaries rather than averaged across studies.

Environmental Assessment Using 45VH2-GREET. The production-stage greenhouse-gas emissions of nuclear hydrogen were
evaluated using the U.S. Department of Energy/Argonne National Laboratory 45VH2-GREET 2023 model (December 2023
release) [43] under a well-to-gate system boundary. The High-temperature electrolysis (Nuclear) pathway was selected with a
technology share of 100%. The process inputs were 36.8 kWh electricity/kg H> and 0.02184 MMBtu thermal energy/kg H-, based
on the reference configuration reported by Wendt et al. (2022) [7]. Hydrogen production was specified at 290 psia, with no
oxygen coproduct credit. All other model inputs and settings were retained at their default values. The model was run using a
2026 simulation year to align the environmental assessment with the 2026 reference year used in the techno-economic assessment
and vehicle comparison. The 2023 model release was retained to maintain consistency with the GREET 2023 electricity-emission
factors used for the comparative BEV assessment. The model's emissions output provided the total well-to-gate greenhouse-gas
intensity in g CO2-eq/MMBtu Hz on an LHV basis, which was converted to kg CO:-eq/kg H- using the GREET hydrogen LHV
basis of 120 MJ/kg Ho.

The selected nuclear pathway includes the upstream emissions associated with the nuclear electricity supply within the GREET
fuel-cycle framework. Accordingly, the resulting value represents the production-stage well-to-gate greenhouse-gas intensity of
hydrogen, rather than direct facility emissions alone.

The resulting plant-gate greenhouse-gas emissions are reported as kg CO:-eq/kg H.. To evaluate their implications for
transportation applications, production-stage emissions are converted into vehicle-specific emissions using the representative
Toyota Mirai fuel economy according to Equation (4):

Production-stage emissions, FCV (g CO:-eq/mi) = Production emissions (kg COz-eq/kg Hz) + Fuel economy 4)
(mi/kg Hz) x1000

where the Toyota Mirai fuel economy is approximately 71.8 mi/kg H», and the factor of 1000 converts kilograms of CO.-
equivalent emissions to grams.

For comparison, we estimated representative battery electric vehicle (BEV) emissions from the fuel-cycle greenhouse-gas
emissions associated with electricity supply. The GREET 2023 model developed by Argonne National Laboratory was used to
obtain electricity fuel-cycle emission factors. For the U.S. average electricity mix, GREET 2023 reports total fuel-cycle emissions
of 128,805 g COz-eq /mmBtu of electricity available at the user site, corresponding to 439.6 g CO2-eq/kWh. For the LWR nuclear-
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electricity scenario, the GREET 2023 nuclear pathway reports total fuel-cycle emissions of 809.97 g COz-eq/mmBtu, equivalent
t0 2.76 g CO2-eq/kWh.

Grid-supply emissions, BEV (g CO:-eq/mi) = Grid emissions intensity (g CO:-eq/kWh) x Vehicle energy 6)
consumption (kWh/mi)

The electricity consumption of the 2026 Tesla Model 3 Standard Rear-Wheel Drive (RWD) was taken as 0.24 kWh/mile (24
kWh/100 miles; 139 MPGe combined), based on the EPA fuel-economy rating reported on FuelEconomy.gov [44]. This EPA-
rated value represents energy drawn from the electrical outlet and therefore includes charging losses; it is used as a wall-to-
vehicle electricity-consumption value rather than battery-only energy consumption. Electricity emission factors were obtained
from the GREET 2023 model on a fuel-cycle basis, expressed per kWh of electricity delivered. The U.S. average electricity
pathway represents the national-average electricity mix, while the light-water-reactor (LWR) pathway represents the nuclear-
electricity scenario. Section 4 calculated the resulting electricity-related emissions using Equation (5).

4. Results

Prior to analysis, cost and efficiency data compiled from the literature (Tables 1-5) were checked for basis-year and system-
boundary consistency, as described in Section 3.3. Where values were reported at different scales (stack-level versus system-
level) or under different cost bases, this was noted rather than merged. For the case study specifically, the plant-gate production
cost of $1.86/kg (2020 USD) reported for the NOAK LWR-HTSE configuration [7] was harmonized to a June 2026 USD basis
using BLS CPI-U data (index level 333.952, June 2026; 258.811, 2020 annual average), then combined with transportation and
storage cost data [40], both similarly harmonized, and an original station dispensing cost calculated for this study using Argonne's
HRSAM model, to construct an internally consistent delivered-cost estimate on a single reference-year basis.

The Wendt et al. (2022) HTSE plant is a gigawatt-scale centralized production facility with a design capacity of 611 tonnes/day
of actual hydrogen production. This study does not assume that a single such plant supplies a single 600 kg/day station. Instead,
the Wendt plant serves only as a techno-economic reference for the production-stage unit cost ($/kg H:). This unit cost is specific
to the reference plant's design scale, utilization, and other assumptions and is not assumed to transfer to other plant sizes or
operating conditions. The downstream delivery chain-transportation, storage, and dispensing, is modeled separately for a
representative 600 kg/day retail station, consistent with the station capacities analyzed in the HRSAM literature [40]. In design-
capacity terms, the 611 tonnes/day plant output is equivalent to approximately 1,018 stations of 600 kg/day capacity (611,000
kg/day + 600 kg/day). At the base-case station utilization of 40%, however, each station dispenses approximately 240 kg/day
(600 kg/day x 0.40), so the same plant output would supply approximately 2,546 stations (611,000 kg/day + 240 kg/day). The
two figures are not interchangeable: the former is a design-capacity equivalence, and the latter reflects actual throughput. The
station therefore represents one node in a larger network, not a standalone system supplied directly by the plant. This allocation
logic ensures transportation and storage costs are calculated per station, consistent with the scale of the overall production system.

Applying the vehicle-level cost translation established in Section 3.3 (Equations 1-3) to the representative FCV (Toyota Mirai,
71.8 mi/kg, 5.6 kg tank) using the harmonized plant-gate production cost of $2.40/kg yields a cost of $0.033/mile and a full-fill
cost of $13.44, over a range of approximately 402 miles. When transportation, storage, and station dispensing costs are
incorporated, the estimated delivered cost rises to $13.76-22.22/kg, corresponding to $0.192—0.310/mile and a fill cost of
$77.06-124.43. For comparison, reported retail hydrogen pricing in California was $34-36/kg in October 2024 [45] (a monthly
average of $34.55/kg, with the largest station operator at $36/kg), corresponding to $0.474—0.501/mile and a fill cost of $190.40—
201.60. This is a dated benchmark, not a current 2026 market price: no more recent (2025-2026) retail price assessment could
be identified for this comparison, and the light-duty FCV retail segment has contracted substantially since that figure was
recorded. Relative to this October 2024 benchmark, the nuclear-HTSE delivered-cost estimate represents a reduction of roughly
35-62%. In addition, retail hydrogen prices in California rose substantially over the preceding three years, from approximately
$16/kg in September 2021 (implied by the reported 119% increase to the October 2024 level) to $34.55/kg in October 2024 [45],
cited here only to establish this historical trend, not as a current-year point estimate, moving in the opposite direction from earlier
industry cost-reduction projections and underscoring the potential value of a lower-cost, nuclear-coupled pathway.
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Wendt et al. [7] also report the effect of a single isolated change: reducing the assumed electricity price from $30/MWh-e to
$20/MWh-e alone lowers the LCOH to $1.45/kg (2020 USD), or $1.87/kg harmonized to June 2026 USD, showing that electricity
price alone accounts for roughly two-thirds of the total cost reduction achieved in the fully "aggressive" scenario below.

Wendt et al. [7] additionally report a combined "aggressive" scenario - incorporating a lower electricity price ($20/MWh-e),
reduced capital cost, reduced fixed operating costs, extended stack service life, and increased capacity factor - that achieves an
LCOH of exactly $1.00/kg in 2020 dollars, matching the DOE Hydrogen Shot ultimate target of $1/kg. Harmonized to a June
2026 USD basis using the same CPI factor applied elsewhere in this section (x1.2904), this scenario corresponds to $1.29/kg -
meaning that under consistent, inflation-adjusted terms, the "aggressive" scenario's headline achievement of the $1/kg target does
not hold once cost figures are harmonized to a common present-day basis, though it remains substantially below both the baseline
case-study cost and current retail pricing.

As a less-favorable sensitivity, the upper-end electricity-price condition in the Wendt et al. [7] analysis increases the LCOH from
the $1.86/kg base case to $2.27/kg (2020 USD). Using the same CPI harmonization factor applied elsewhere in this study
(x1.2904), this corresponds to approximately $2.93/kg in June 2026 USD. At the representative Toyota Mirai fuel economy of
71.8 mi/kg Ha, this production cost corresponds to approximately $0.041/mile and a full-fill cost of approximately $16.40. This
sensitivity shows that the favorable $2.40/kg harmonized case-study result depends on the underlying economic assumptions,
particularly electricity price, and should not be interpreted as a universal LWR—HTSE production cost.

The 45VH2-GREET 2023 simulation [43] for the nuclear high-temperature electrolysis pathway, using the process parameters
of Wendt et al. [7], resulted in zero direct facility CO: emissions and 843 g CO./MMBtu H: of indirect CO: emissions. Including
all greenhouse gases, the total production-stage intensity was 915 g COz-eq/MMBtu H.. Using the GREET lower heating value
(LHV) of 120 MJ/kg Ho, this corresponds to approximately 0.10 kg CO2-eq/kg H.. The indirect emissions arise from the upstream
supply of the nuclear electricity and thermal energy represented in the GREET fuel-cycle pathway, and the difference between
the COz-only value (843 g) and the total (915 g CO2-eq) reflects the contribution of non-CO: greenhouse gases converted to COa-
equivalents.

Based on the representative Toyota Mirai fuel economy of 71.8 mi/kg Ha, production-stage hydrogen emissions correspond to
approximately 0.0014 kg CO2-eq/mi (1.4 g CO2-eq/mi), calculated using Equation (4). This value represents emissions associated
with hydrogen production and upstream electricity supply within the well-to-gate boundary and does not include downstream
hydrogen transport, dispensing, vehicle operation, or other well-to-wheel stages. It is substantially below the general literature
range for HTE-type pathways reported in Table 7, most likely reflecting GREET's treatment of nuclear-sourced electricity as a
near-zero-carbon input.

Applying Equation 5, a representative BEV (Tesla Model 3, 2026, 0.24 kWh/mi) operating on the U.S. average electricity mix
produces approximately 105.5 g COz-eq/mile, based on the GREET 2023 fuel-cycle emission factor of 439.6 g CO2-eq/kWh.
Under the nuclear-electricity scenario, represented by the GREET 2023 LWR nuclear pathway with a fuel-cycle emission factor
of 2.76 g CO2-eq/kWh, the same vehicle produces approximately 0.66 g CO:-eq/mile. These results provide a consistent fuel-
cycle basis for comparing the electricity-related emissions of the two BEV electricity-supply scenarios.

A notable finding was the scale of the gap between plant-gate and delivered cost: in the 40% utilization base case, incorporating
transportation, storage, and station dispensing costs increased the estimated cost per mile by a factor of approximately 5.7-9.3,
narrowing, though not eliminating, the cost advantage of nuclear-coupled HTSE relative to the October 2024 retail benchmark.
Station dispensing is the largest single cost component in every utilization and scenario combination in Table 8 (25-80%
utilization; Low, Mid, and High). Across all twelve combinations, dispensing cost ($5.27-27.88/kg) exceeds the combined
production, transportation, and storage cost ($3.57-4.63/kg), even at its lowest value (80% utilization, High scenario). In the
40% base case alone, dispensing costs $10.19-17.59/kg. This range reflects real variability in station configuration and
utilization, not measurement uncertainty.
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Table 8. Delivered-cost component breakdown by station utilization and HRSAM component-cost scenario (harmonized, June
2026 USD; base case = 40% utilization)

Utilization Scenario Production Transportation Storage Dispensing Total Delivered
($/kg) ($/kg) ($/kg) ($/kg) Cost ($/kg)
25% Low 2.40 0.96-2.02 0.21 27.88 31.45-32.51
Mid 2.40 0.96-2.02 0.21 17.56 21.13-22.19
High 2.40 0.96-2.02 0.21 16.04 19.61-20.67
40% (base case)  Low 2.40 0.96-2.02 0.21 17.59 21.16-22.22
Mid 2.40 0.96-2.02 0.21 11.13 14.70-15.76
High 2.40 0.96-2.02 0.21 10.19 13.76-14.82
60% Low 2.40 0.96-2.02 0.21 11.84 15.41-16.47
Mid 2.40 0.96-2.02 0.21 7.54 11.11-12.17
High 2.40 0.96-2.02 0.21 6.90 10.47-11.53
80% (HRSAM Low 2.40 0.96-2.02 0.21 8.98 12.55-13.61
baseline) Mid 2.40 0.96-2.02 0.21 5.75 9.32-10.38
High 2.40 0.96-2.02 0.21 5.27 8.84-9.90

Note: Base case: 40% utilization. Low/Mid/High are HRSAM component-cost maturity scenarios for the same 600 kg/day station (Section
3.3), not different capacities. The $13.76-22.22/kg range in the text is the 40% base case. Dispensing costs were calculated using HRSAM
Version 2.0 (U.S. DOE). Key model inputs: gaseous Hz, tube-trailer supply, cascade dispensing at 700 bar, 600 kg/day design capacity,
thermal-buffering precooling, 4 hoses/4 dispensers, 5-min fill time, 2-min lingering time, 5 kg max H- per vehicle, 1 main compressor (2
stages, no booster, 75% isentropic efficiency), 0.5% compression loss, 2016 USD cost basis, 10% real after-tax discount rate, 10-year
analysis period, 1.9% inflation, $0.12/kWh electricity price.

Production cost is the harmonized plant-gate cost from Wendt et al. (2022) [7]; transportation and storage costs are from Brattle
Group (2024) [40], harmonized to June 2026 USD. This study calculated dispensing costs using Argonne National Laboratory's
HRSAM model at multiple utilization levels (25%, 40%, 60%, and 80%) and three production-volume/component-maturity
scenarios (Low, Mid, High). The 40% utilization case is adopted as the base case, reflecting an optimistic near-term scenario for
passenger FCV refueling.
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Figure 2. Cost per mile across cost bases for the case study, including the plant-gate baseline, the Wendt et al. single-variable
and aggressive-scenario sensitivities, the delivered (pump) cost, and current California retail pricing. Error bars denote the
reported range.
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Table 9. Case study cost results across cost bases (June 2026 USD)

Cost Basis LCOH ($/kg) Cost/mile ($/mi) Cost/fill ($)
Plant-gate production, baseline 2.40 0.033 13.44
Plant-gate, reduced electricity price only ($20/MWh-¢) 1.87 0.026 10.47
Plant-gate, aggressive combined scenario 1.29 0.018 7.22
Delivered (production + transport + storage + dispensing) 13.76-22.22 0.192-0.310 77.06-124.43
Current market retail (California, October 2024) [45] 34-36 0.474-0.501 190.40-201.60
Wendt less-favorable electricity-price sensitivity 2.93 0.041 16.40

Table 10. Fuel-related emissions per vehicle-mile, FCV vs. BEV case study (different system boundaries)

Pathway Scope Electricity/fuel-cycle Production-stage emissions  Source

emissions factor (g CO2z-eq/vehicle-mile)
Nuclear-HTSE Well-to-gate 0.10 kg CO2-eq/kg Ha 1.4 45VH2-GREET
FCV (case study) (production) 2023 (this study)
BEV, U.S. average  Fuel-cycle 439.6 g CO2-eq/kWh 105.5 GREET 2023 (this
electricity mix electricity study)
BEV, nuclear LWR  Fuel-cycle 2.76 g CO2-eq/kWh 0.66 GREET 2023 (this
electricity electricity study)

Note: The FCV value covers hydrogen production only, up to the plant gate; hydrogen transport, storage, dispensing, and vehicle-cycle
emissions are not included. The BEV values cover fuel-cycle electricity emissions up to the delivered electricity used by the vehicle (0.24
kWh/mile, including charging losses; Section 3.4); vehicle-cycle emissions (manufacturing, battery) are not included. The boundaries
therefore differ, and the values should not be read as a like-for-like vehicle life-cycle comparison.
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Figure 3. Production-Stage Emission comparison: nuclear-HTSE FCV (production-stage basis, 45VH2-GREET 2023) versus
BEYV on a national-average grid and a nuclear-dominant grid.
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Because these literature-compiled figures span different reference years, plant scales, and cost boundaries (Table 5; Section
2.1.3), they are reported here only to illustrate the breadth of the published range, not as a benchmark against the case study.
With that caveat, reported costs span approximately $1.28—15.56/kg (Cu-Cl), $3.5-12/kg (S-I), and $2.97-9.98/kg (HyS). The
case study configuration ($2.40/kg harmonized plant-gate; 90.2% HHV system efficiency) falls toward the lower-cost, higher-
efficiency end of the compiled literature range, consistent with its selection as a representative, near-term feasible configuration
(Section 3.3).

5. Discussion

5.1 The Infrastructure Bottleneck: From Plant-Gate to Pump

One of the clearest patterns in this analysis is how much cost accumulates between the plant gate and the pump. Nuclear-coupled
HTSE reaches a harmonized plant-gate production cost of $2.40/kg (June 2026 USD), yet the estimated delivered cost climbs to
$13.76-22.22/kg, roughly 5.7 to 9.3 times higher in the 40% utilization base case. This gap is consistent with trends suggested
but rarely quantified in the literature: production studies tend to stop at the plant gate, leaving out the downstream stages that
ultimately set the price paid by the consumer.

Station-level dispensing, calculated for this study using Argonne's HRSAM model (Section 3.3), accounts for the largest single
share of that gap in the base-case (40% utilization) scenario ($10.19-17.59/kg), consistently exceeding the combined production
and transport/storage components ($3.57-4.63/kg) even at its lowest cost-maturity assumption (across all modeled utilization
levels, dispensing cost ranges more broadly, from $5.27-27.88/kg), a real, single-methodology range reflecting genuine
variability in component manufacturing maturity, exceeding the older but still-cited Reddi et al. (2017) [38] light-duty estimate
of $9.54/kg (harmonized), underscoring how sensitive delivered cost is to station utilization assumptions. Even if nuclear
production hits the DOE's Hydrogen Shot target of $1/kg, retail prices for FCV owners will remain high unless compression,
cooling, and dispensing infrastructure improve substantially, and as shown in Section 4, this holds even in the aggressive
combined cost scenario, which itself falls short of $1/kg once harmonized to a consistent reference year.

5.2 Comparative Economic Viability

Even with these delivery costs, nuclear-produced hydrogen still undercuts the market by a wide margin, based on the most recent
verifiable retail pricing data available: the estimated delivered cost of $13.76-22.22/kg is approximately 35-62% below the $34-
36/kg range reported for California retail hydrogen in October 2024 [45], though no more recent (2025-2026) retail price
assessment could be identified for this comparison, and the light-duty FCV retail segment has contracted substantially since that
figure was recorded, this comparison should therefore be read as indicative of the general order of magnitude involved, rather
than as a precise current-market comparison.

That gap between infrastructure-level cost modeling and what stations charge merits further examination. It points to local supply
constraints and low-volume, pilot-scale station operations as a plausible driver of today's retail pricing, rather than any
fundamental limit in the underlying technology. Large-scale nuclear production could reduce this gap by supplying the
continuous, base-load output needed to capture the economies of scale seen in the literature, where scaling plant size from 100
MWe to 1000 MWe meaningfully lowers the minimum fuel selling price [32]

The economic result is also sensitive to the assumptions underlying the selected Wendt configuration. The Wendt et al. [7]
sensitivity analysis increases the LCOH from the base value of $1.86/kg to $2.27/kg under less-favorable individual parameter
conditions; harmonized to June 2026 USD, this corresponds to approximately $2.93/kg. Although this remains below the recent
retail benchmark considered above, it demonstrates that the favorable production-cost result is sensitive to electricity price and
other economic assumptions. The $2.40/kg case-study value should therefore be interpreted as a configuration-specific estimate
rather than as a universal production cost for LWR-integrated HTSE.
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5.3 The Environmental Trade-off: FCV vs. BEV

The apparent environmental performance of an FCV depends heavily on how the comparison is framed. Well-to-gate production
emissions for the nuclear-HTSE case study, evaluated using Argonne's 45VH2-GREET 2023 calculator, translate to production-
stage emissions of approximately 1.4 g CO:-eq per vehicle-mile.

The comparison against battery electric vehicles is sensitive to the electricity supply pathway. Using GREET 2023 fuel-cycle
emission factors, a BEV operating on the U.S. average electricity mix produces approximately 105.5 g COz-eq/mile, while the
same vehicle under the LWR nuclear-electricity scenario produces approximately 0.66 g COz-eq/mile. These results demonstrate
that the electricity pathway is a major determinant of BEV electricity-related emissions. However, the FCV value of 1.4 g CO--
eq/mile represents hydrogen production-stage emissions, whereas the BEV values represent electricity-related fuel-cycle
emissions. Therefore, these values should not be interpreted as a fully harmonized vehicle-level life-cycle comparison. The
results nevertheless demonstrate the importance of clearly defining system boundaries and energy-supply assumptions when
comparing hydrogen fuel-cell and battery-electric transportation pathways, consistent with the broader literature discussed in
Section 2.3.

5.4 Limitations

Several data limitations bear on how the findings above should be read.

Emissions scope: The case study's original GHG emissions calculation is well-to-gate (0.10 kg CO2-eq/kg Hz; Section 3.4 and
4), not full-chain. The broader literature indicates transportation can account for the majority of full-chain life-cycle emissions
in comparable systems [12]. Because the FCV value remains a production-stage result, this study does not determine whether
the apparent emissions advantage relative to the U.S. average-grid BEV would persist after hydrogen transportation, storage,
compression, and dispensing emissions are incorporated for the specific case-study configuration (Section 2.3).

Compression emissions boundary: The case study's well-to-gate emissions figure (0.10 kg CO2-eq/kg Ho; Section 3.4 and 4)
reflects hydrogen at the plant's output pressure (290 psia) and does not include emissions from compressing hydrogen to the 700
bar required for vehicle dispensing. Given that compression is consistently identified in the current literature as the largest single
contributor to compression-storage-dispensing (CSD) cost, at 55-65% [46], the full-chain emissions associated with hydrogen
delivery and vehicle refueling would likely be higher than the production-stage value reported here - a gap this study does not
resolve.

Efficiency basis: Two LTE studies cited in this review [22,23] do not state whether reported system efficiency is on a higher
(HHV) or lower (LHV) heating-value basis, limiting direct comparability with the case study's explicitly HHV-based HTSE
efficiency (Section 2.1.1).

Retail price currency: The market-price comparison relies on California retail data from October 2024 [45]; no 2025-2026 retail
assessment could be identified despite a dedicated search (Section 5.2), and the underlying market segment has since contracted
substantially.

Dispensing cost precision: The original HRSAM-derived dispensing cost spans $10.19-17.59/kg (Section 3.3, 4), reflecting
genuine sensitivity to station configuration and component-cost maturity assumptions rather than measurement error - though
this range is wide enough that it should be treated as bounding, not a precise point estimate.

Base-load production assumption: The case study's production cost is based on a continuous, fixed-price electricity input [7]
rather than a flexible dispatch model that would allow the reactor to sell electricity to the grid during high-price periods instead
of producing hydrogen. This opportunity cost is not captured in the reported LCOH, and recent literature on flexible nuclear-
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hydrogen operation suggests it could be economically significant; addressing it would require a dynamic dispatch model beyond
this study's scope

Production-scale allocation: The Wendt plant is used only as a cost reference, not as the direct hydrogen source for the modeled
station. The $2.40/kg plant-gate cost reflects that plant's gigawatt-scale design, utilization, and other assumptions (Section 3.3);
unit production cost varies with plant scale and operating assumptions even when expressed per kilogram, so this result should
not be transferred to smaller plants or different operating conditions. The plant-to-station equivalence (approximately 1,018
stations at design capacity, or approximately 2,546 at 40% station utilization) is a scale illustration that assumes uniform
distribution of hydrogen across stations; it does not model the detailed logistics of transporting hydrogen from a central plant to
multiple retail stations. Future work should incorporate more detailed spatial and logistical modeling to assess the sensitivity of
delivered cost to transport distance and station density.

Transportation and storage cost basis: The transportation ($0.96-2.02/kg) and storage ($0.21/kg) cost figures are adopted from
Brattle Group (2024) [40]'s <150-mile compressed gaseous trucking scenario, with trailer capacities of approximately 560-900
kg H: and above-ground compressed-gas storage near 500 bar. However, several parameters that materially affect delivered cost
- payload utilization, return-trip logistics, road-network fuel consumption, hydrogen losses in transit, and loading/unloading time
- are not disclosed in the source report and are therefore inherited as embedded assumptions rather than independently modeled
or verified in this study. This gap mirrors the cost-side limitation above: transportation and storage are treated as an aggregated
external estimate rather than independently modeled, which also limits the extent to which the transportation-related cost and
emissions accounting in this study can be fully harmonized.

Cost-emissions harmonization gap: The economic delivered-cost analysis in this study incorporates transportation and storage
costs [40] alongside production-stage cost, whereas the environmental analysis (Section 3.4 and 4) is limited to well-to-gate
production emissions and does not include transportation, storage, compression, or dispensing emissions. As a result, the cost
and emissions accounting in this study are harmonized on the production stage only, not across the full delivered supply chain.
Given that transportation has been shown to account for the majority of life-cycle global warming potential in comparable full-
chain assessments [12], this omission means the emissions advantage attributed to the case study's nuclear-HTSE pathway should
be understood as a production-stage result, not a delivered, full-chain comparison. Closing this gap would require applying a
transportation-stage emissions model (e.g., extending the GREET framework with transport-specific inputs) consistent with the
cost-side transportation assumptions identified above - a natural extension for future work building on this study's harmonized
cost/emissions framework.

6. Recommendations

The findings above, together with the broader literature reviewed in Section 2, indicate five areas where further work and policy
attention would do the most to advance nuclear-produced hydrogen as a viable fuel for the transportation sector. Because the
case study covers a single reactor-electrolyser configuration and a single passenger vehicle, the recommendations below
distinguish between what the case study itself supports and what is drawn more broadly from the literature synthesized in Section
2.

Within the economic analysis presented here, the largest cost escalation occurs after the plant gate rather than during hydrogen
production. Nuclear-HTSE reaches a harmonized production cost of $2.40/kg (June 2026 USD), yet station-level dispensing
alone, calculated for this study using Argonne's HRSAM model, can add $10.19-17.59/kg depending on station configuration
and component-cost maturity, and the full delivered price climbs well beyond the plant-gate figure. Closing this gap will require
redirecting research and policy attention away from production-side incentives alone and toward dispensing infrastructure
specifically; high-pressure compression and improved cooling are the pieces most responsible for the cost escalation between
plant gate and pump, and both warrant sustained investment.
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Logistics also warrant attention. The literature reviewed in Section 2.3 indicates that transportation and distribution can account
for most life-cycle global warming potential in full-chain hydrogen supply-chain assessments [12]. The case study's GREET-
based emissions calculation covers hydrogen production-stage emissions and does not quantify downstream transportation,
storage, compression, and dispensing. Accordingly, this case study cannot establish whether the production-stage emissions
advantage of nuclear-produced hydrogen relative to a BEV supplied by the U.S. average electricity mix would persist after
considering the full hydrogen supply chain. Future assessments should therefore explicitly incorporate these downstream stages.
Small modular reactors and co-located hydrogen production centers merit further investigation in this context [47], since shorter
transport distances could reduce downstream emissions and help preserve the low-carbon characteristics of nuclear-sourced
hydrogen.

On the production side, the pathways with the best efficiency numbers are also the least mature. HTSE and the sulfur-iodine
cycle reach system efficiencies as high as 90.2%, but durability issues, electrode instability, nickel oxidation, and damage from
thermal cycling remain unresolved and continue to limit their readiness [24,25]. Materials research aimed at these failure modes
should continue, alongside parallel work on the copper-chlorine cycle, which operates at a considerably lower peak temperature
(500-550 °C versus the 900 °C the S-I cycle requires) and may therefore offer a more achievable near-term integration path [27].

The case study modeled a single passenger vehicle, the Toyota Mirai; it does not, by itself, provide evidence about how nuclear-
coupled hydrogen economics would apply to other vehicle segments. Separately, the broader literature on FCV deployment
trends suggests hydrogen's refueling speed and energy density may offer the greatest advantage in vehicle segments that are
harder to electrify directly, such as heavy-duty trucking and long-haul fleets [6]. Whether the cost and emissions findings from
this passenger-vehicle case study would hold, improve, or worsen for those segments, which involve different duty cycles,
refueling volumes, and station economics, is a question this study was not designed to answer, and is identified here as a priority
for future study rather than as a deployment recommendation this work can support directly.

Finally, the disconnect between production research and vehicle-level research should be addressed. Production studies routinely
stop at the plant gate, while vehicle studies rarely account for the specific economics of nuclear-coupled production (Section
2.4). Future work should extend the integrated approach illustrated here, tracing hydrogen from a defined reactor design, through
a defined transport distance, to a defined vehicle outcome, across additional reactor types, vehicle segments, and, where possible,
primary (rather than secondary-review) cost data, since that is the level of detail policymakers would need to judge how nuclear-
coupled hydrogen compares to other low-carbon options at scale.

7. Conclusions

This paper presented an integrated techno-economic and environmental case study of nuclear-produced hydrogen for fuel cell
vehicles, informed by a synthesis of the existing literature joining production-side and vehicle-level outcomes for one reactor-
electrolyzer configuration, a joint cost-and-emissions treatment that, as discussed in Section 2.4, existing full-chain studies
approach from only one side at a time [11,12]. Within the scope of this single configuration, the results indicate that nuclear
energy can supply an efficient, low-carbon feedstock for hydrogen production, though the broader viability of fuel cell vehicles
depends heavily on what happens after the plant gate.

At the plant gate, the case study's nuclear-coupled high-temperature steam electrolysis configuration is cost-competitive: a
harmonized production cost of $2.40/kg (June 2026 USD) falls within reach of mid-term international targets for this specific
GW-scale, n-th-of-a-kind (NOAK) configuration. That figure changes considerably once hydrogen reaches the pump. In the 40%
utilization base case, delivered cost rises to $13.76-22.22/kg once transportation, storage, and station dispensing are incorporated,
an increase driven largely by station-level dispensing, calculated for this study using Argonne's HRSAM model, which spans
$10.19-17.59/kg depending on station configuration and component-cost maturity. Within this modeled configuration, a 600
kg/day station operating at 40% utilization, with tube-trailer transport and the specific technical and financial assumptions
detailed in Section 3.3, the primary cost constraint lies in delivery rather than production. Because delivered cost is highly
sensitive to station scale, utilization, and transport configuration, this finding should not be generalized beyond the specific case
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examined here without further assessment of alternative delivery configurations. Nonetheless, this delivered-cost estimate
remains substantially below the most recent verifiable California retail hydrogen pricing ($34-36/kg, October 2024) [45], though
no more recent retail assessment could be identified for this comparison, and the light-duty retail segment has contracted
considerably since that figure was recorded.

The environmental case follows a broadly similar pattern within the case study's scope. Well-to-gate production emissions for
the case study's HTSE configuration, evaluated using Argonne's 45VH2-GREET 2023 calculator, translate to production-stage
emissions of approximately 1.4 g CO:-eq per vehicle-mile, among the lower figures reported for hydrogen production pathways
at this boundary. Whether this advantage persists once full hydrogen supply-chain logistics are counted is a question the case
study does not resolve, since it excludes transportation, storage, compression, and dispensing emissions from the production-
stage result. The broader literature indicates that transportation can account for a substantial share of full-chain life-cycle
emissions in comparable systems [12]. For comparison, using GREET 2023 fuel-cycle electricity emission factors, the
representative BEV produces approximately 105.5 g CO2-eq/mile on the U.S. average electricity mix and 0.66 g CO2-eq/mile
under the LWR nuclear-electricity scenario. These values demonstrate the strong influence of electricity supply on BEV
emissions; however, because the FCV figure reflects production-stage hydrogen emissions while the BEV figures reflect fuel-
cycle electricity emissions, they should not be interpreted as a fully harmonized, well-to-wheel vehicle-level life-cycle
comparison.

These findings indicate a need for research extending beyond reactor-level analysis to the infrastructure connecting it to the
vehicle. Distributed production, including potential deployment of small modular reactors closer to hydrogen demand, could
reduce the transport and logistics burden, although the case study did not evaluate that configuration directly. Progress on
dispensing technology, particularly high-pressure compression and cooling, is needed to reduce the dispensing cost that
dominates delivered cost in this case study. Separately, the broader literature on FCV deployment trends suggests heavy-duty
and long-haul trucking may represent the greatest advantage of hydrogen over battery electrification [6]; this study's single
passenger-vehicle case study does not test that claim, and it is flagged here as a direction for future research rather than a
deployment recommendation this work can support directly.

Within the single reactor-electrolyser configuration and passenger vehicle examined here, the results indicate that nuclear-
coupled HTSE can achieve a competitive plant-gate production cost and low production-stage emissions for this specific,
favorable configuration (Section 5.4). These results should be understood as scenario-specific findings for one GW-scale NOAK
design, one delivery configuration, and one vehicle segment, rather than as evidence that nuclear-produced hydrogen broadly
meets cost or emissions targets across reactor types, delivery pathways, or vehicle applications. Full-chain emissions, alternative
delivery configurations, and policy eligibility were not evaluated in this study and remain open questions. Future studies should
extend the present case-study framework to multiple reactor configurations, hydrogen delivery pathways, and vehicle segments,
incorporating full-chain emissions accounting, using consistent economic and environmental system boundaries.
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