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I. Introduction

The global transition toward sustainable energy necessitates the adoption of clean energy carriers, with hydrogen being a pivotal solution due to its high energy density and zero-emission end-use [1]. Producing "Pink Hydrogen" from high temperature nuclear power plants (NPPs) offers a reliable, low-carbon pathway compared to fossil resources. This study focuses on leveraging the high-temperature thermal output of a Small Modular Molten Salt Reactor (SM-MSR) for hydrogen generation via the Copper-Chlorine (Cu-Cl) thermochemical cycle. The MSR, selected for its inherent safety, high operating temperature (up to 700 C°), and advanced fuel cycle (Thorium-Uranium), is ideally suited for this high-efficiency thermal process [2-3]. The primary aim of this research is to perform a robust economic evaluation of this integrated system—combining the MSR, the hydrogen plant, and subsequent storage—using the International Atomic Energy Agency’s (IAEA) Hydrogen Economic Evaluation Program (HEEP) code. A miniature model representing the Dilovası Organized Industrial Zone, Türkiye is used to analyze the co-generation of electricity and hydrogen under varying demand scenarios (100%, 50%, and 10% hydrogen production).


II.  HEEP Code and Methodology

The feasibility study uses the HEEP code to conduct techno-economic modeling of the integrated nuclear-hydrogen system. The core of the system is a 100 MWth MSR unit, specifically a fast spectrum, liquid fuel, breeder reactor utilizing fluoride salts. This choice is based on its thermal characteristics being highly compatible with the Cu-Cl thermochemical cycle, which operates optimally at lower temperatures 450-530 C° compared to the Sulfur-Iodine cycle (~850 C°) [4] The HEEP simulation incorporates detailed financial parameters and calculates the total hydrogen production cost (USD/kg) based on four main cost categories: Nuclear Power, Hydrogen Generation, Hydrogen Transportation, and Storage.
Three co-generation scenarios were modeled: 100% Hydrogen Production (100MWth to hydrogen). 50% Hydrogen / 50% Electricity Production (50 MWth to hydrogen, 50 MWth to 20 MWe.) 10% hydrogen / 90% Electricity Production (10 MWth to hydrogen, 90 MWth to 36 MWe. In each scenario, two storage methods—liquefaction and compressed gas—were compared to determine the optimal economic pathway. Input data, including the MSR Overnight Capital Cost (~5400 USD/kWe) and the Th-U fuel cost (~73 USD\kg), were scaled and validated using referenced data [5-6]. The comparative analysis of hydrogen storage is detailed in Table I.

Table I Comparison of Hydrogen Storage Costs (from HEEP 50% H2 Scenario)

	Parameter
	Liquefaction Storage
	Compressed Gas Storage


	H2 Storage Cost Fraction (%)

	~0.05%
	~3.87%

	Total H2 Cost 
	7.09
	7.39



III. Discussion and Results

The HEEP simulation results show a strong correlation between the co-production ratio (electricity vs. hydrogen) and the final net cost of hydrogen, highlighting the benefits of utilizing off-peak thermal energy for hydrogen generation. In the 100% hydrogen production case, the total hydrogen cost was determined to be 7.16 ~USD/kg for liquefaction and 7.44 ~USD/kg for compressed gas. The Nuclear Power component accounted for the majority of the cost (~ 70%-73%), emphasizing the significance of the MSR's OVC.
A crucial finding relates to the storage method, where liquefaction was consistently found to be more economically favorable than compressed gas storage across all scenarios, primarily due to the significantly lower storage cost fraction (~ 0.05% vs. ~ 3.87%). The majority of the cost in the compressed gas scenario comes from the compressor's operating cost compared to the liquefier.
The economic advantage of electricity co-production became clear in the 50% and 10% hydrogen cases. By selling the co-generated electrical energy (82 USD/MWh) the net cost of hydrogen was drastically reduced: 50% Hydrogen Case (20 MWe produced). The net hydrogen cost dropped to 4.60 USD/kg (liquefaction) and 4.90 USD/kg (compressed gas). 10% hydrogen Case (36 MWe produced): The revenue from electricity sales completely covered the hydrogen costs, resulting in a negative net hydrogen cost of -19.02 USD/kg (liquefaction) and -18.74 USD/kg (compressed gas). This negative net cost indicates that the revenue generated from selling the co-produced electricity significantly exceeds the total costs of the nuclear plant and the hydrogen co-generation and storage, making the system a net-revenue generator while still providing a clean hydrogen supply.

IV. Conclusions

This economic evaluation confirms the viability of integrating a SM-MSR with the Copper-Chlorine thermochemical cycle for sustainable hydrogen production. The MSR's optimal operating temperature aligns perfectly with the Cu-Cl cycle, offering a high-efficiency hydrogen production pathway. Economically, the lowest net hydrogen production costs are achieved when the system operates primarily for electricity generation with hydrogen as a thermal load utilization product (the 10% hydrogen case), leading to a negative net cost for the hydrogen. Furthermore, the HEEP simulation definitively shows that storing hydrogen in a liquid state is the most economical storage method, possessing a significantly lower cost fraction than compressed gas storage. Future work should focus on reducing the MSR's initial OVC to further optimize the overall hydrogen production cost.
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