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ABSTRACT

Fourth-generation “wery-high-temperature reactors, particularly when integrated with steam methane
reforming and carbon dioxide capture processes, offer significant potential for large-scale hydrogen production
with an environmentally conscious approach. However, limited research has been conducted on the design and
economic evaluation of integrated.Generation 1V and steam methane reforming systems for nuclear hydrogen
production, especially when considering a combined cycle as part of the overall power generation system. In
this study, a combined hydrogen and power generation system, utilizing a very-high-temperature reactor, has
been developed and analyzed. This system employs steam methane reforming with enhanced CO2 absorption
and a combined cycle approach. System™modeling was performed from thermodynamic and economic
perspectives using Aspen Plus software, and its thermodynamic performance was evaluated under various
operating conditions. Furthermore, several parametric studies were conducted to determine the factors that
affect hydrogen and power generation. Simulation resultsindicate an energy efficiency of 73% for the proposed
system, with hydrogen and power production efficiencies of 16% and 23%, respectively. The results show that
the proposed system performs better than multi-generation systems in previous research. In addition, the

exergy efficiency of the proposed system was calculated to be 69:9%.
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1. Introduction

The detrimental and increasing consequences of climate
change, stemming from significant greenhouse gas
emissions, have become a global challenge. The
collective determination demonstrated through the Paris
Agreement reflects a unified global commitment to limit
the increase in global temperatures to within 1.5 degrees
Celsius [1]. Among a range of greenhouse gases, carbon
dioxide stands out as the dominant catalyst of climate
change, accounting for 80% of total greenhouse gas
emissions. Notably, the'concentration of carbon dioxide
has increased by approximately 100 parts per million
over the past fiver decades, surpassing the critical
threshold of 400 parts per million [2, 3]. Carbon dioxide
capture technologies”can be .classified into three key
categories based “on their characteristics: oxy-fuel
combustion, pre-combustion carbon: dioxide capture,
and post-combustion carbon dioxide capture (such as
amine absorption techniques) [4]. The direct application
of carbon capture and storage (CCS) in the
transportation sector presents_significant challenges.
This sector ranks as the second-largest source of carbon
dioxide emissions, accounting for 23% of global
emissions [5]. Therefore, there is an urgent need for
alternative fuels such as hydrogen. This,study proposes
a system for the combined productionof power,
hydrogen, and heating, featuring zero carbon dioxide
emissions into the environment. The integrationof
methane reforming with enhanced absorption powered
by nuclear energy has not been addressed in the
literature, and in the authors' view, a gap exists in the
technical literature regarding this concept.

2. Methodology

The proposed system is designed for the combined
production of power, hydrogen, and heat, with minimal
environmental pollution. A schematic representation of
the system is shown in Figure 1.

To evaluate the performance of the proposed system
from energy and exergy perspectives, the efficiencies
derived from the first and second laws of
thermodynamics will be utilized. The relationships
between these thermodynamic efficiencies are as
follows:

n= m HZ*LHVHZ +Wnet +Qnet (l)
QVHTR +Mm CH 4*LHVCH 4
m HZ*EXHZ +Wnet + E.Q,net (2)

: " L
EXQ,VHTR + IfnCH4 EXHZ

3. Results and discussion

This study proposes a system for the simultaneous
production of power, hydrogen, and heat, operating on
nuclear energy with helium as the working fluid. The
proposed system utilizes calcium looping technology
and produces zero harmful emissions to the
environment. Table 6 presents the technical parameters
obtained from the thermodynamic modeling of the
system. As previously mentioned, the thermal capacity
of the nuclear power plant is 500 MW. According to
Table 1, this capacity enables the conversion of 6.032
tons of methane, along with carbon dioxide absorption,
into 2.988 tons of hydrogen. Furthermore, the proposed
system generates 136 MW of power and 189 MW of
thermal capacity, respectively. Existing literature on
combined power and hydrogen production indicates that
achieving high hydrogen production efficiency and high
power generation efficiency simultaneously is generally
not feasible. However, the proposed system
demonstrates remarkably high efficiencies for both
hydrogen and power production, recorded at 16.77%
and 23.41%, respectively.

Tablel. Technical and engineering parameters of

simulation
Hydrogen Production 2.988
(tons/hour)
Methane Consumption 6.032
(tons/hour)
Electricity Consumption 150.625
(MW)
Electricity Supply from Grid 0
(kw)
Power Output (MW) 287.337
Net Power Output (MW) 136.713
Net Heat Output (MW) 189.246
Fuel-to<Power.Conversion 23.41
Efficiency (%)
Heat-tosPower Conversion 324
Efficiency(%)
Fuel=to-Hydrogen 16.77
Conversion Efficiency (%)
Carbon Dioxide Sequestered 18.063
(tons/hour)
Input Energy (MW) 583.78
Input Exergy of Fuel (MW) 838
Overall Exergy Efficiency 69.9
(%)
Overall Thermal Efficiency 72.9
(%)




Sensitivity analysis is performed by varying one or
more parameters while holding others constant. This
method facilitates the evaluation of the impact of
individual or combined parameters on design goals.
Additionally, this analysis allows for the independent
isolation “and examination of parameters. Critical
parameter significantly affecting system performance
includes methane reformer temperature. Figures 2 and 3
respectively show:the impact of temperature changes on
the molar fraction”and molar flow rate of products.
Since ‘methane reforming is an endothermic reaction,
increasing, temperature s leads to greater methane
participationdn the reaction.

4. Conclusion

The key simulation results are presented below:

*The most irreversible components within the
evaporator section of the Rankine cycle are the pre-
cooler and the reforming réactor.

* The proposed system demonstrates an energy
efficiency of 72.9% and an .exergy efficiency of
62.95%.

* The estimated hydrogen production cost, considering
nuclear fuel prices, ranges from $1.8 to $4:1 per
kilogram.
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Fig. 1. Schematic diagram of the proposed system
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Table 1. Functional parameters of key system components
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Table 2. The estimated cost of components
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Table 4. Comparing and validating flows against sources
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Table 5. Comparing simulation results with*source‘data
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Table 6. Technical and engineering parameters of simulation
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Fig. 5. Exergy flow diagram of the proposed system
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