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Abstract 

A three-year national research and development project, “Nuclear Heat and Hydrogen (NuH2) 
Systems Concept Study” was launched in 2012 as a pre-project in preparation of a demonstration 
plant construction and subsequent commercialization. Korea Atomic Energy Research Institute 
(KAERI) leads the project, and domestic industry partners, POSCO, HDEC, HHI, HEC and 
STX, as potential vendors and users share the costs and works. The main tasks are to develop the 
functional and design requirements, to optimize the system concepts and layouts, and to develop 
the demonstration plan and business model of the NuH2 systems. This paper addresses the 
current status of the project and outcomes. 
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I. INTRODUCTION 
 

Nuclear leaders in the world are developing Generation-IV (Gen-IV) reactor systems for 
sustainable, economic, safer and reliable supply of energy to cope with dwindling fossil fuels 
and impending climate change [1]. Among Gen-IV reactor systems, a high temperature gas-
cooled reactor (HTGR) has been focused on for its inherent safety features and versatile 
applications beyond electricity [2].  

As of 2012, Korea imported 96% of its primary energy of which fossil fuels took 85% (oil: 
38%, LNG: 18% and coal: 29%). Energy consumption was 62% by the industrial sector, 18% by 
the transportation sector and 20% by the housing, commercial and public sectors [3]. Average 
growth rate of energy consumption was around 3% per year during the last 10 years. Greenhouse 
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gas emission in 2011 was close to 700Mton-CO2eq. of which the energy sector emitted 86% by 
burning fossil fuel (power generation: 45%, manufacturing and construction: 31%, 
transportation: 14%, others: 10%). Total amount of emission was increased by 4.5% compared 
with that in 2011 mainly attributed by the increased capacity in fossil power generation and 
steel-making [4]. Nuclear energy has been limited to electricity generation by water reactors, 
which takes 12% of the total energy consumption and 30% of the total electricity generation. 
Considering such serious reliance on fossil fuels and the consequent greenhouse gas emissions, it 
is imperative that advanced nuclear energy should take a role in replacing the fossil fuel not only 
in the power generation but also in the industrial process heat and transportation sectors.  

The HTGR that produces heat of up to 950oC can deliver high temperature heat not only to 
replace fossil fuels now used to supply industrial process heat but also to produce massive 
hydrogen for hydrogen economy, all while contributing to high-efficiency electricity generation 
[2]. A massive hydrogen product can be used to meet the increasing demand in conventional 
chemical feedstock in oil refining, fertilizers, and chemicals, etc. Of most importance is its role 
as a future energy alternative that can replace fossil fuels. In the future hydrogen economy, 
hydrogen can be used not only as the fuel for fuel cells in transportation, distributed electricity 
and portable electronic devices, but also as the feedstock in emerging markets such as synthetic 
fuel, clean iron ore reduction, and coal-to-liquid conversion. In Korea, there are large industrial 
complexes where process steam and electricity is supplied by fossil-fired co-generation power 
plants that are aged and need to be replaced. Oil refinery industries consume the largest portion 
of national hydrogen produced by fossil heat. Steel-making industries that are among the largest 
fossil fuel users and sources of CO2 emissions are looking for a clean steel-making process by 
direct reduction of iron ores using hydrogen. As such, there is a growing interest in introducing 
an HTGR in both the process heat and hydrogen markets in Korea.  

In this context, Korean government launched a national R&D project “Nuclear Hydrogen Key 
Technologies Development” in 2006. Then, as outcomes of the key technologies become mature, 
a three-year national project, a “Nuclear Heat and Hydrogen (NuH2) Systems Concept Study”, 
was launched in 2012 as a pre-project in preparation of a demonstration plant construction and 
subsequent commercialization. Two NuH2 systems are being studied; 1) a process heat system 
(NuH2-PHS) that couples a prismatic HTGR with a 750oC outlet temperature with a balance-of-
plant (BOP) for co-generation of steam-cycle electricity and process steam, and 2) a hydrogen 
production system (NuH2-HPS) for a hydrogen production by thermo-chemical water splitting 
using a prismatic Very HTGR (VHTR) with an outlet temperature of 950oC. The main tasks are 
to develop the functional and design requirements of the NuH2 systems, to optimize the system 
concepts and layouts and to develop the demonstration project and business plan. Korea Atomic 
Energy Research Institute (KAERI) leads the NuH2 project, and domestic industry partners, 
POSCO, HDEC, HHI, HEC and STX, share the costs and works as potential vendors and users. 
Current status of the project and outcomes are addressed in the following sections. 

 
II. Functional and Design Requirements of NuH2 Systems 
 

Preliminary functional and design requirements for both NuH2-PHS and NuH2-HPS were 
developed. Based on a domestic market survey, the reference NuH2-PHS was selected to be a 
350MWt HTGR at 750oC for co-generation of electricity and process steam to industrial 
complexes, which will replace conventional fossil-fired plants. Reference NuH2-HPS was 
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selected to be a four-module 600MWt VHTR at 950oC coupled with a Sulfur-Iodine (SI) thermo-
chemical hydrogen production system, which is designed to supply hydrogen to a hydrogen iron-
ore reduction process of a 2 Mt-steel/year FINEX steel-making plant [5].  

The contents of the functional and design requirements documents consist of four parts; 1) 
institutional requirements that include the requirements of project, owners, operators, users and 
regulatory requirements, 2) plant-level functions and requirements where the high-level plant 
functions and the requirements for plant function, operation, design and safety are addressed, 3) 
plant functional description that describes key plant-level design and operational concepts, plant 
arrangement of a reference plant and 4) system functions and requirements in which 
descriptions, functions and requirements of individual plant systems, buildings and structures are 
given [6, 7]. These preliminary functional and design requirements documents are installed in 
engineering management software together with a linked relevant database for consistent 
management.  

 
III. System Concepts and Layouts of NuH2 Systems 

 
The system concepts and layouts of an individual plant or module of the NuH2-PHS and the 

NuH2-HPS at the commercial scale have been developed and optimized reflecting the domestic 
market needs, design and functional requirements, supply chain and safety.  

 
III-1 NuH2-PHS 
 
A NuH2-PHS was designed for co-generation of steam and electricity to an industrial 

complex. Potential distributed electricity at arid regions where air-cooling is required is also 
considered. As shown in Fig. 1, a prismatic 350MWt HTGR with an outlet temperature of 725oC 
produces and transports heat to a steam generator vessel in which superheated steam of 593oC at 
170bars is generated. A reactor inlet temperature of 290oC was chosen to facilitate the 
procurement of a Helium circulator [8]. An air-cooled reactor cavity cooling system ensures 
fully passive safety of the reactor even against limiting design basis accidents and an 
underground reactor design enhances the accident resistance against seismic events. Integral-
type steam generator vessel consists of a circulator and a helical once-through steam generator. 
Primary helium flows downward through the shell side of a steam generator, while superheated 
steam is generated in the tube side in an upward direction. The co-generation of electricity and 
process steam can be shared reflecting market needs. More than 75% of the process steam 
demand is over 400oC at 50bars so that the steam is extracted from the main steam line or from 
the exits of high pressure turbine stages to meet the process steam demand and, at the same time, 
to maximize overall efficiency.  

Since the relevant design and hardware technologies incorporated in the NuH2-PHS at 725oC 
are well matured and meet current codes and standards, we expect that the NuH2-PHS can be 
licensed and deployed in the near-term. 
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Figure 1 NuH2-PHS Layout 
 

III-2 NuH2-HPS 
 
The NuH2-HPS was designed to produce massive hydrogen using 950oC heat of the VHTR 

and the SI water split process. As shown in Fig. 2, a prismatic 600MWt VHTR with inlet and 
outlet temperatures of 490oC and 950oC produces and transports heat to an intermediate heat 
exchanger vessel that interfaces the VHTR system with the intermediate loop. A hybrid-type 
design concept of the intermediate heat exchanger vessel is proposed, which consists of two 
printed circuit heat exchangers (PCHE), a recuperator and two circulators. 950oC heat from the 
VHTR is first transported to a high-temperature PCHE (> 650oC) and then to a low-temperature 
PCHE (> 350oC). The primary helium cooled at 350oC by two PCHEs is directed to a 
recuperator by two circulators. Primary helium reheated to 490oC by a recuperator flows into the 
reactor. This hybrid design not only facilitates the material selection of the PCHE but also meets 
the current manufacturing capability of the circulator limited by the operating temperature and 
motor power [8, 9].  

The intermediate loop not only transports and distributes heat to the SI hydrogen production 
modules, but also provides a safety distance between the VHTR and the hydrogen production 
system. Intermediate loop coolant is being screened in a way to optimize the overall loop 
performance and efficiency such as a circulator power. The intermediate loop consists of 
underground concentric loop piping in which relatively cold coolant flows through the outer 
annulus and hot coolant flows through the inner piping, an isolation header that demarcates the 
nuclear island from the hydrogen production system, and a flow distribution header that 
distributes process heat to individual hydrogen production modules. An individual SI module is 
sized to be 50MWt taking into account the current manufacturing capability of the components 
in the SI process and a parallel arrangement of the SI modules has been proposed [10].  
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Figure 2 NuH2-HPS Layout 
 
One of the candidate applications of NuH2-HPS in Korea is hydrogen-iron-ore-reduction 

steel-making, since it can radically reduce CO2 emissions in a conventional process [11]. To 
introduce the hydrogen-iron-ore-reduction to a current 2Mt-steel/year FINEX steel-making 
plant, about 140kt-H2/year of hydrogen is required. Considering that a 600MWt VHTR with the 
SI process can produce a maximum of 60kt-H2/year and that both the SI and electric arc furnace 
of the steel-making process demand a large amount of electricity, a NuH2-HPS plant concept 
consisting of four 600MWt VHTR modules is proposed, in which three VHTR modules produce 
hydrogen and one module generates electricity. Fig. 3 shows the concept of a nuclear steel-
making plant. 
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Figure 3 Concept of a 2Mt-steel/year Nuclear Steel-making Plant  



Proceedings of the HTR 2014 
Weihai, China, October 27-31, 2014 

Paper HTR2014-21339 
 

IV. Preliminary Demonstration Plan and Business Model of NuH2 Systems 
 
Demonstration of the system performance and safety is a prerequisite for the deployment of a 

new nuclear system. Based on the NuH2 system design and functional requirements and concepts 
at the commercial scale, a preliminary demonstration project plan and associated business model 
of the NuH2 systems are being developed. They will be refined and finalized after government 
feasibility study in the next 3 years.  

A step-wise demonstration of 1) nuclear reactor technology and 2) nuclear hydrogen 
technology using a single prismatic gas-cooled reactor is proposed considering the associated 
technology and design readiness level. This step-wise demonstration is designed to 
accommodate technical risk and, at the same time, to promote business opportunities. The first 
step is to demonstrate the nuclear reactor technologies at 750oC whose technology readiness 
level is mature enough for a demonstration, and then the second step demonstration follows by 
demonstrating the nuclear hydrogen technologies at 950oC after the challenging technical issues 
will be resolved for demonstration. Through the nuclear reactor technology demonstration, the 
overall NuH2-PHS design, licensing and construction technologies are validated and the 
operational performance and safety of the HTGR at 750oC are demonstrated for 
commercialization. The second step, the nuclear hydrogen technology demonstration step, 
demonstrates those of the nuclear hydrogen system coupled to a VHTR at 950oC.  

The single demonstration reactor selected is a 350MWt prismatic gas-cooled reactor. The 
nuclear reactor is designed to accommodate both 750oC and 950oC operations such that it 
initially operates at 750oC in the first demonstration step and then, its operating temperature will 
then be upgraded to 950oC with some modification of the reactor components. A reactor power 
level of 350MWt is selected since it is equivalent to a commercial full-scale NuH2-PHS whose 
technology readiness level is high enough for demonstration and consequent commercialization; 
in addition, it is equivalent to a 0.5Mt-steel/year FINEX hydrogen-iron-ore-reduction steel-
making demonstration scale. The balance of the plant in the first step demonstration, the steam 
rankine cycle co-generation system with a steam generator, will be replaced by the SI hydrogen 
production system with an intermediate heat exchanger in the second step demonstration.  

To reduce the business risk, the demonstration project is structured as a government-industry 
cost-sharing project in which the government takes the leading role in early stages of the project, 
that is, the point and conceptual design phases, and industries will then take the lead in the next 
project stages, that is, the basic and detailed design, licensing, construction and start-up phases. 
The technology development and validation required in the process of the plant design and 
licensing, and the demonstration of the plant performance and safety using the demonstration 
plant will be shared by government and industries.  

Fig. 4 shows the demonstration and commercialization plan of NuH2-PHS and NuH2-HPS. 
We proposed launching a 2-year point design project from 2015 to 2016, in which the design and 
operation concept of the demonstration plant will be finalized and the preliminary feasibility 
report of the demonstration project will be prepared for a government review. The conceptual 
design project of the demonstration system will follow as a government program with 
participation of industries, during which we expect the government feasibility study will approve 
the next phases of the demonstration project. In parallel, the demonstration plant site will be 
surveyed and evaluated, and the next phase of the project structure will be established. With 
government approval of the next phases of the demonstration project, the basic design, detailed 
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design, licensing and construction of the NuH2-PHS demonstration plant will follow. We target 
obtaining a construction permit by 2022 and an operation license and fuel loading by 2024 for 
the NuH2-PHS demonstration plant. As the NuH2-HPS demonstration plant will be licensed and 
demonstrated for its performance and safety, a standard design approval of the NuH2-PHS will 
be applied. The NuH2-PHS will be ready to enter the market after completing the demonstration 
operation and obtaining the standard design approval in 2026.  

With the NuH2-PHS demonstration, we project a scale-up of the SI hydrogen production 
technologies to a demonstration scale. In parallel, the basic and detailed design will be carried 
out to obtain a license to upgrade the NuH2-PHS demonstration system to a NuH2-HPS 
demonstration system in 2026. After upgrading the system in 2028, two years of demonstration 
operation is planned. NuH2-HPS will be ready for commercial deployment after completing the 
demonstration operation and obtaining the standard design approval in 2030.   

 

 
 

Figure 4 Demonstration and Commercialization Plan of NuH2 Systems (Preliminary) 
 

V. Summary and Conclusions 
 
Reflecting the opinions of potential vendors and users and a market survey, the functional and 

design requirements and the system concepts and layouts of the commercial scale NuH2 systems, 
that is, NuH2-PHS and NuH2-HPS, have been developed, and a preliminary demonstration plan 
and associated business model have then been proposed for the demonstration and 
commercialization of NuH2 systems.  

The step-wise demonstration of NuH2-PHS and NuH2-HPS will reduce the business risk by 
having an investment return by a commercial deployment of NuH2-PHS after the first step 
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demonstration of nuclear reactor technologies. The technical risk of nuclear hydrogen can be 
accommodated since challenging technical issues involved in the SI hydrogen production are 
projected to be resolved before the second demonstration step of nuclear hydrogen production 
technologies. It should be noted that the proposed demonstration plan will be refined and 
finalized through the government feasibility study in the next 3 years.  
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