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ARTICLE INFO ABSTRACT

In the present study, a new multi-generation system using geothermal energy as an
energy source for the production of electricity, heat, cold and liquid hydrogen has
been developed. The proposed system consists of an organic Rankine cycle
combined with an internal heat exchanger and feed water heater, a double-effect
absorption refrigeration cycle, a proton exchange membrane electrolyzer unit, a dual
flash geothermal source and a novel cascade liquefaction cycle. In this study, a new
cascade liquefaction method with two variable temperatures has been used, which
independently produces liquid nitrogen and simultaneously the produced liquid
nitrogen is immersed in a heat exchanger with hydrogen. A complete
thermodynamic and economic analysis has been carried out on the studied system. In
addition, a parametric study has been carried out to evaluate the effect of changes in
key parameters on the efficiency of the system under different operating conditions.

Avrticle type:
Research Paper

Avrticle History:

Received 20 July 2024

Revised 20 August 2024
Accepted 21 October 2024
Published Online 04 January 2025

Keywords:
Multigeneration system,
Cascade liquefaction cycle,

The new arrangement developed in the present study has a good coordination with
each other and the results show that we witness a desirable thermodynamic
performance from the proposed system, such that an energy efficiency of 43% and

an exergy efficiency of 56% are achieved. To increase the economic efficiency of
the proposed system, the cost functions of the system components are analyzed along
with economic variables and the total system cost is calculated to be $0.37/GJ. The
new liquefaction cycle modeled in this study has a performance factor of 36% and
the exergy efficiency of this unit is calculated to be 39%.
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1. Introduction

This study adopts a dual-cycle geothermal power plant due to the characteristics of the low-
temperature geothermal resource and the gravity fluid of the region. Unlike traditional geothermal
systems, the dual cycle uses a secondary fluid with a lower boiling point than water as the working
fluid. An organic fluid is used in this process in a closed cycle, evaporating at a lower temperature
than water, thus extracting heat from the geothermal fluid to generate electricity. Much research has
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been conducted on the development of efficiency, economy, environmental protection, and hydrogen
production. Many factors such as the complementary role of hydrogen alongside other renewable
energy sources, the qualitative superiority of hydrogen over conventional fuels, the conversion of
hydrogen into electricity, the establishment of a sustainable energy system alongside renewable energy
sources, and technical feasibility play a significant role in the stability of the hydrogen position.

2. Methodology

In this study, a complete and comprehensive thermodynamic and economic modeling of the multiple
production system has been carried out. For modeling, EES software, which includes functions related
to thermodynamic properties, is used. The thermodynamic equations are solved in steady state and
simultaneously. In the economic analysis section, the cost-effectiveness of the proposed system is
evaluated by applying up-to-date prices and cost rates. Then, a parametric analysis is performed to
evaluate the effect of changes in functional parameters on the main performance of the system. In the
present study, a double-effect absorption precooling unit is used to reduce the power consumption of
the liquefaction cycle, and a new cascade liquefaction cycle is used, which independently produces
liquid nitrogen and simultaneously uses the produced liquid nitrogen for cooling in the cloud cycle.

3. Results

The results of the energy and exergy analysis show that the multiple production system introduced in
the present study has high efficiency with an energy efficiency of 43% and an exergy efficiency of
56%. Geothermal energy is used as the primary energy supplier for hydrogen production in this system
and is capable of producing 114 kg/h of hydrogen without emission of pollutants. The double-effect
absorption cooling unit has a significant effect on reducing the work consumed in the liquefaction
cycle, and the output power of the electrolyzer unit is 12186 kW, and the new liquefaction cycle has
an output power of 709 kW. The multiple production system is capable of producing an output power
of 36558 kW. The results show that for the new method proposed for hydrogen liquefaction in the
present study, the performance coefficient is 36% and the exergy efficiency of the liquefaction cycle is
39%, which indicates the optimal performance of the innovative hydrogen liquefaction cycle. The total
exergy destruction of the system is 98956 kW .

4. Conclusion

The present study investigates the maximization of energy efficiency and economic viability by using
geothermal energy as the primary energy source in a multigeneration system. The potential for
substantial improvements in energy efficiency and cost effectiveness is realized through a thorough
analysis. The findings of the present study emphasize the feasibility and efficiency of combining
renewable energies in multigeneration systems. These results are promising for stakeholders in various
sectors, from energy policymakers and planners to engineers and investors, and provide valuable
insights for the transition towards cleaner and more efficient energy solutions. This study investigates
the conversion of energy into different forms through cogeneration processes for electricity generation
using geothermal energy, along with heating and cooling, which uses a novel cascade liquefaction
method with two variable temperatures to independently produce liquid nitrogen, and simultaneously,
by immersing liquid nitrogen in the heat exchanger of the hydrogen liquefaction cycle, it cools the
heat exchanger and improves the exergy efficiency of the hydrogen liquefaction cycle by reducing
exergy destruction, leading to the development of a distinctive system.
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