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Abstract

In this study, a new geothermal energy-based multiple generation system is
investigated. This system consists of a modified organic Rankine cycle, a single-effect
absorption chiller, and a hydrogen liquefaction cycle that produces power, heat, cold,
and liquid hydrogen. In the proposed system, by using geothermal energy as the
primary energy source required for liquid hydrogen production, environmental
pollution is minimized. The hydrogen gas produced by the electrolyzer in the proposed
system is pre-cooled by an absorption heat transformer, and the power consumption
of the hydrogen liquefaction cycle is reduced. In the present study, the effect of changes
in important performance parameters on the system performance is evaluated. In
addition, the optimal performance of the system is investigated using a two-objective
genetic algorithm, and the optimal point of the system is obtained using the TOPSIS
decision criterion. A complete thermodynamic analysis is performed in the present
study, and the results show that an energy efficiency of 42% and an exergy efficiency
of 51% are obtained for the proposed system. The economic evaluation conducted in
the present study using updated cost functions shows that the total cost of the multiple
generation system is $16.37/GJ, which demonstrates the high economic justification of
the proposed system.
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1- Introduction

Energy is a fundamental need for continued
economic development, the provision of goods and
services, and the comfort of human life. Some
experts believe that another energy crisis is about to
unfold. This crisis will not only be related to energy
supply, but will also involve a complex combination
of environmental problems that, in addition to
affecting the quality of modern social life today,
will jeopardize the economic development of the
world. Increasing energy efficiency has brought
many benefits to humanity. Investment in energy
efficiency and fuel flexibility has led to greater
attention to achieving sustainable energy. Fossil

energy sources have had many negative effects on
the environment, including increasing global
temperatures, greenhouse effects, and temperature
inversions, and have caused the destruction of the
ozone layer and the spread of many environmental
pollutants. These problems can be solved by using
clean fuel technology from renewable sources.
Hydrogen, as a suitable alternative to fossil fuels, is
capable of providing sustainable energy sources in
the long term and is highly compatible with
environmental standards. Hydrogen is the most
abundant element in the world and the tenth most
abundant element in the Earth's crust. Hydrogen, as
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the lightest known element, has the highest energy
per unit weight compared to other fuels. Hydrogen
is one of the main elements that make up the Earth
and plays an important role in life. Today, hydrogen
is used as a feedstock in various industries. The
possibility of another energy crisis and concerns
about the depletion of fossil fuels, environmental
imperatives, increasing energy consumption and
population growth, problems caused by migration
and uncontrolled urbanization are the driving forces
that intensify attention to renewable sources and the
hydrogen energy system. There are challenges in
using hydrogen in its gaseous state that require its
liquefaction for practical applications. Various
methods for liquefaction of hydrogen have been
proposed and widely studied. The most important
advantages of using hydrogen fuel are the non-
polluting product of the hydrogen combustion
reaction, the higher amount of heat generated by
combustion per unit weight, the economy due to the
variable amount of mixing with air for combustion,
the possibility of removing leaked hydrogen in a
closed environment, the non-toxicity and the
cheapness compared to other fuels. Liquid hydrogen
is an environmentally friendly energy source.
Storing liquid hydrogen in tanks is a simple process.
It is important to remember that some energy is
required to convert hydrogen into a liquid state.
Rockets in the space program mainly use liquid
hydrogen as a fuel source. It should be noted that
hydrogen is primarily found in its gaseous state, but
is stored and transported in liquid form for ease of
use. Consequently, there is a high need for
investment and technological advancement for
clean hydrogen production based on renewable
geothermal resources, and it has attracted the
attention of many researchers.

2. Methodology

In this study, a complete thermodynamic and
economic modeling of a multiple production system
is introduced. EES software, which includes
functions related to thermodynamic properties, is
used for modeling. The thermodynamic equations
are solved in steady state and simultaneously. In the
economic analysis section, all prices and cost rates
are updated to justify the proposed system well.

Then, a parametric analysis is performed to evaluate
the effect of changes in functional parameters on the
main system performance. Also, a two-objective
genetic algorithm has been performed to achieve
optimal performance on the system under study, in
such a way that exergy efficiency and cost rate are
the objective functions in the optimization
algorithm. TOPSIS decision criterion has been used
to determine the optimal point of the system.
TOPSIS method is one of the multi-criteria
decision-making methods that ranks alternatives.
TOPSIS is a technique for ordering priority through
similarity to the ideal solution and indicates the
value of proximity to the ideal solution positively.
This study shows the optimal combination of
process parameters using the shortest distance from
the ideal solution.

3. Results

The proposed system utilizes geothermal energy to
provide primary energy through an innovative
approach and is developed by modifying the organic
Rankine cycle, resulting in a new system. This
system has been simulated using EES software
based on specific design criteria. In the
thermodynamic analysis of the geothermal source,
water acts as the working fluid. The findings from
the thermodynamic evaluation show that the output
power of the studied system is 1425 kW. The energy
efficiency and exergy efficiency of the system are
measured to be 42% and 51%, respectively. The
findings indicate that significant exergy loss occurs
in the modified Rankine unit and in the electrolyzer
unit. It is worth noting that among the system
components, the modified Rankine cycle turbine
and electrolysis have the highest exergy destruction,
while the pumps have the lowest exergy destruction
among the system components. Calculations show
that the total exergy destruction for the system is
56140 kW. The total system cost rate is $37.16/GJ,
indicating the significant economic efficiency of the
proposed system. The levelized cost of electricity
(LCOE) and the cost of hydrogen (LCOH) with
values of 19.8 cents/kWh and $24.39/kg are critical
factors in the economic evaluation of the system.
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4. Conclusion

This study evaluates a novel multi-generation
system that utilizes geothermal energy to produce
electricity, heat, cold, and liquid hydrogen. The
proposed system consists of a geothermal unit, an
innovative modified organic Rankine cycle that
integrates an internal heat exchanger and a steam
heat exchanger generator, a single-effect absorption
chiller, a proton exchange membrane electrolysis,
and a hydrogen liquefaction cycle. The system
under consideration has been subjected to an
analysis focused on energy, exergy, and economic
factors. The hydrogen gas produced by electrolysis
is converted to liquid form during the cloud
liquefaction cycle, increasing its storage and
transportation efficiency. By pre-cooling the
hydrogen gas in the absorption chiller, the energy
consumed in the liquefaction cycle is reduced, and
immersing it in two heat exchangers with a liquid
nitrogen bath reduces the temperature difference in
the heat exchanger, thereby reducing exergy loss
and improving the efficiency of the proposed
system. The electrolysis and modified Rankine
cycle turbine show the highest exergy destruction
compared to other system components, which can
be significantly reduced by increasing the inlet
temperature for the proposed system. In addition, a
parametric analysis was performed to evaluate the
system performance under different conditions.
This research aims to optimize the configuration of
the system components for maximum efficiency
under ideal conditions and also to increase the
thermodynamic performance of the system. The
analyzed system shows satisfactory performance
and by achieving an energy efficiency of 42% and
an exergy efficiency of 51%, it represents the
optimal configuration of a geothermal energy-based
multiple generation system. In this study, an
economic evaluation has been performed to develop
a system characterized by high economic efficiency.
The findings show that achieving the desired
economic efficiency for the entire system involves
a cost of $16.37 per GJ. The effect of six decision
variables on the system performance was
investigated, including the turbine isentropic
efficiency, turbine 1 outlet pressure, steam heat

exchanger generator outlet temperature, and turbine
1 outlet temperature. The dual-objective
optimization significantly increases the exergy
efficiency of the system, using the TOPSIS decision
criterion, the optimal operating point is identified,
and a system with an optimal cost rate is presented
to improve the economic justification of employing
the proposed cogeneration system.
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