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Abstract

In this study, an integrated and multifunctional system for clean energy production
has been designed and analyzed, aiming to simultaneously harness geothermal
energy and the cooling potential of liquefied natural gas (LNG). The system
architecture comprises a single-flash geothermal power plant, a two-stage
desalination unit for freshwater supply, a proton exchange membrane (PEM)
electrolyzer for green hydrogen production, and an LNG-based power generation
unit. The primary innovation of this design lies in replacing the conventional
expansion valve with a hydraulic turbine in the LNG pathway, as well as integrating
the hydrogen production process within the overall system configuration. Energy
and exergy analyses indicate that the system achieves an energy efficiency of 67.4%
and an exergy efficiency of 38.67%, outperforming comparable configurations in
the literature. Detailed exergy analysis further reveals that the highest exergy
destruction occurs within the desalination unit. Additionally, parameters such as the
expansion pressure of the geothermal fluid and the outlet pressure of the LNG pump
play a significant role in enhancing system performance. The findings highlight the
considerable potential of the proposed system in advancing clean energy
technologies and optimizing the use of renewable resources for green hydrogen
production.
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1- Introduction

The growing global demand for energy and the rise
in greenhouse gas emissions have highlighted the
urgent need to transition from fossil fuels to
renewable energy sources [1].
geothermal energy stands out due to its
sustainability,  reliability,  and
availability. It offers a wide range of applications,

Among them,
continuous

from direct use to electricity generation. In parallel,
hydrogen has emerged as a clean energy carrier with
significant potential in transportation, industry, and
power generation. Recent studies have explored
hybrid energy systems integrating geothermal

energy with technologies like PEM electrolysis,
absorption cooling, and LNG regasification for co-
production of power, cooling, desalinated water,
and hydrogen [2,3].
systems suffer from exergy destruction, particularly
due to isenthalpic throttling valves used before

However, many existing

phase separators. This study proposes a novel
hybrid system that replaces the conventional
expansion valve with a hydraulic turbine to enhance
energy recovery and improve system performance.
The proposed configuration integrates a single-flash
geothermal cycle, LNG-based power and cooling

How to Cite this Article:

[1] A. Kalantari, "Energy and exergy assessment of a novel combined geothermal-LNG cycle with energy recovery and green hydrogen production," Journal of
Science and Technology in Mechanical Engineering, vol. 4, no. 1, pp. 217-235, 2025. [Online]. Available: https://doi.org/10.22034/stme.2025.528631.1135(in Persian)

©2025 the authors. Published by Technical and Vocational University (TVU), Tehran,
Iran. This article is an open-access article distributed under the terms and conditions of
the Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC

E-ISSN: 2981-2232

License) (https://creativecommons.org/licenses/by-nc/4.0/)



https://stmechanics.bmtc.ac.ir/?lang=en
https://doi.org/10.22034/stme.2025.528631.1135
mailto:arashkalantari1998@gmail.com
https://orcid.org/0009-0006-3926-5702

Journal of Science and Technology in Mechanical Engineering

Vol. 4, No. 1, 2025 218

unit, PEM electrolyzer for green hydrogen
production, and a two-stage seawater desalination
system. The study aims to thermodynamically

evaluate the system using energy and exergy
analyses, perform parametric studies, and compare
its performance with previous research.
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Figure 1: Process Flow Diagram of the Proposed Two-Stage Geothermal-LNG Hybrid Cold Energy System Integrated with Green Hydrogen
Production and Seawater Desalination

2- System Description

Figure 1 illustrates the process flow diagram of the
proposed hybrid system. Geothermal fluid (Stream
1) expands through turbine T-100, generating
electricity. The two-phase output is separated in
vessel V-100 into vapor and liquid. The vapor is
further expanded in turbine T-101 to produce
additional power. The hot liquid from V-100
transfers heat in heat exchangers E-100, E-104, and
E-105 before being mixed (Stream 32). The exhaust
from T-101 is condensed in E-101 while
simultaneously heating (Stream ),
enhancing its evaporation conditions in E-100. The

seawater

fully condensed geothermal stream (Stream 7) is
pressurized by pump P-100, mixed, and reinjected
into the well. Seawater is split into two streams; one
is heated in E-100 and expanded via VLV-100,
becoming two-phase (Stream 14). Vapor from
separator V-101 (Stream 15) is used in E-102 to
promote the evaporation of brine (Stream 16) from
VLV-101. E-102 also condenses the vapor from V-
101. The generated vapor (Stream 20) is separated
in V-102 and condensed in E-103, producing

freshwater, which is collected and partially sent to a
PEM electrolyzer. The electrolyzer uses electricity
from turbines to produce green hydrogen (Stream
30), with oxygen released to the atmosphere.
Hydrogen is intended as a clean automotive fuel,
while electricity, freshwater, and cold water are also
supplied for domestic use. Natural gas, generated
from LNG, is used in urban and industrial sectors.
Geothermal heat in E-104 preheats electrolyzer
feed, and in E-105, it vaporizes high-pressure LNG
(Stream 35), converting it to natural gas. This gas
expands in turbine T-102, producing power and
reducing its temperature significantly (Stream 36).
The low-temperature gas is then used in E-106 to
generate chilled water (Stream 39), after which it is
warmed and sent to end-users (Stream 37). The
system is evaluated using energy and exergy
analysis under steady-state conditions and modeled
using Aspen HYSYS. Key assumptions include
steady operation, and exergy is the sum of physical
and chemical components. Detailed
parameters are presented in Table 1.

input
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Table 1: Input parameters needed for modeling

Parameters Value
Reference temperature (°C) 25
Reference pressure (kPa) 101.3
First separator pressure (kPa) 600
second separator pressure (kPa) 9
third separator pressure (kPa) 5
Pumps isentropic efficiency 85 %
turbine isentropic efficiency 85 %
PEM temperature (°C) 85
PEM pressure (kPa) 101.3
Mgeothermal 20 kg/s
myng Skg/s
T-101 outlet pressure (kPa) 10
T-102 outlet pressure (kPa) 500
Chilled water temperature (°C) 4
Sea water salinity (ppm) 12400

3- Results

The baseline system shows an exergy destruction of
2183 kW, with 81% occurring mainly in turbines
(T-101, T-102), heat exchangers (E-100, E-102, E-
106), valve VLV-100, and the PEM electrolyzer.
The seawater desalination unit contributes the
highest exergy loss (48%), especially in heat
exchanger E-100 due to phase changes and heat
transfer. In the LNG power section, heat exchanger
E-106 causes 58% of exergy destruction. Improving
heat transfer here by increasing LNG pressure and
reducing flow can enhance power output and system
efficiency. Key outputs include 2144 kW electric
power, 8.06 kg/h hydrogen, 1281 kW cooling, and
14,000 kg/h freshwater. Energy efficiency is high
(67.4%), but electrical efficiency is low (11%),
indicating much geothermal heat is used for
desalination rather than power generation. To
increase both electrical and exergy efficiency, focus
should be on improving the LNG power unit and
geothermal turbines (T-100, T-101).

4- Conclusion
This study presents a novel and efficient integrated
system for green hydrogen production alongside

electricity, cooling, and freshwater. Hydrogen is
generated via an electrolyzer using freshwater
produced from the desalination unit. The hybrid
integration of geothermal energy and cold LNG
supports power generation and cooling, effectively
utilizing geothermal heat that would otherwise be
wasted. A key innovation is replacing the expansion
valve with a turbine in the geothermal power plant,
significantly =~ enhancing its  efficiency—a
recommendation for future research. Incorporating
a hydraulic turbine instead of an expansion valve
and leveraging LNG cooling results in higher
energy and exergy efficiencies compared to
previous studies. Under baseline conditions, the
system produces 2144 kW of electricity, 8.064 kg/h
hydrogen, 1281 kW cooling power, and 14,000 kg/h
freshwater with energy, electrical, and exergy
efficiencies of 67.4%, 11.01%, and 38.67%,
respectively.
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