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ARTICLE INFO ABSTRACT

This study investigates a multi-generation system that allows for power generation,
cooling capacity, and hydrogen production. The system consists of a gas cycle unit,
an absorption heat transformer, a proton exchange membrane electrolysis, an air
energy storage system, and an air heat exchanger generator. The energy analysis in
the case study of the proposed system aims to calculate key parameters such as net
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output power, hydrogen production rate, and energy efficiency. The exergy
evaluation performed in the studied system is of great importance in identifying
exergy degradation in the system components to improve performance. In addition, a
parametric analysis was performed to understand how different operating conditions
affect the system performance. The innovative aspect of the present study is that the
gas turbine losses are recovered and directly used to supply the energy consumption
of the electrolyzer for hydrogen production. The results of the thermodynamic
evaluation show that the energy efficiency of the proposed system is 26% while the
exergy efficiency is 12%. The results show that this system is capable of producing
hydrogen at a rate of 0.037 kg/h, which can meet the needs of a part of the target

consumer. The total exergy destruction in the studied system is 1479 kW and the
output power is 49.5 kW. The economic analysis shows the total cost of the system
to be $0.204 per gigajoule. In addition, the break-even cost of electricity production
is $4.379 and the cost of hydrogen production is $1.741.

Heat recovery,
Compressed air energy storage.
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1. Introduction

Many researchers have investigated energy storage techniques to overcome this challenge. Notably,
compressed air energy storage offers a simple and effective way to deal with the variability of
renewable energy sources. Compressed air energy storage effectively manages energy supply and
demand while reducing carbon dioxide emissions compared to alternative storage methods.
Compressed air energy storage systems use excess electricity to compress air when available. This
compressed air can then be used to generate power in a gas turbine. The use of compressed air energy
storage in combined cooling, heating, and power systems is receiving increasing attention. When these
multiple generation systems are integrated with renewable energy sources, they increase efficient
energy production and environmental benefits. Cooling can be provided by an absorption chiller that
uses heat recovered from the exhaust gas. Efficiency and performance in compressed air energy
storage systems can be achieved by recovering excess heat from the exhaust gas of a gas turbine. The
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method of producing hydrogen using electrolysis was first studied in 1830 by the English scientist
Michael Faraday. In this method, a direct current of electricity is passed through a solution containing
water and electrodes, and hydrogen and oxygen gases are produced from the water. Each electrolysis
cell consists of two electrodes immersed in an electrolyte solution, which are connected to a direct
current power supply. The necessary electrical potential is applied between the electrodes, and
hydrogen and oxygen are collected on the cathode and anode separately. The hydrogen economy seeks
to extract hydrogen from renewable sources and in the near future, hydrogen will replace fossil fuels.

2. Methodology

A comprehensive thermodynamic and economic model of the multiple generation system was
developed in this study. The modeling process uses the Engineering Equation Solver (EES) software
that provides functions to calculate the thermodynamic properties. The thermodynamic equations are
solved simultaneously assuming steady state. The proposed system is examined from different
perspectives and the system performance is quantified through output parameters. In addition, a
parametric study is carried out to evaluate the system performance by varying the performance
parameters under specific operating conditions. A multidimensional analysis is carried out to evaluate
the performance of the proposed system from energy, exergy and economic perspectives. The purpose
of the energy analysis of the system in a case study is to discuss the values of net power output,
hydrogen production rate, system cooling load and energy efficiency. The mentioned parameters are
essential factors to evaluate the energy performance of the proposed configuration. In addition, the
performance quality of the proposed system is evaluated through an exergy study. Exergy analysis
attempts to maximize the work output from a cycle. In this analysis, inefficient thermodynamic
processes are identified and investigated by quantifying exergy losses through exergy balance.
Possible improvements are determined based on avoidable and unavoidable exergy losses.
Unavoidable exergy losses represent the minimum exergy degradation that is limited by current
technology and economic factors. Therefore, avoidable losses highlight the potential for process
optimization. Therefore, exergy analysis quickly identifies inefficiencies and potential improvements
in a system. An economic analysis is also performed to determine the profitability of the proposed
system. An understanding of thermoeconomics, applied to thermodynamic systems, including
renewable energy systems, is essential to balance thermodynamic and economic considerations in
order to achieve optimal system performance. By applying economic principles to the technical design
of energy systems, we can identify and implement equipment operating conditions that minimize the
overall production costs.

3. Results

This section analyzes the economic and engineering results obtained from the system modeling. It
includes a detailed parametric study that examines how different factors affect the system efficiency.
Furthermore, it presents optimization findings to determine the optimal operating parameters. This
study investigates a new system concept by integrating a new generation system and an air energy
storage system with an absorption cooling system to determine the optimal performance. Based on the
thermodynamic analysis, the system showed an energy efficiency of 26% and an exergy efficiency of
12%, indicating both successful operation and an optimal thermodynamic architecture. The output
power of the studied system is calculated to be 49.5 kW. The analysis of exergy loss among the
various sub-components of an energy system is performed with a detailed examination of
irreversibility. This includes considering aspects such as temperature gradients, pressure differences,
and flow restrictions. Such analysis is critical for quantifying the exergy loss that occurs during energy
conversion, thereby illuminating system inefficiencies and identifying potential improvements. By
determining the sources of exergy loss, engineers can make changes that enhance the system’s
efficiency in operation and environmental friendliness. In the proposed system, an exergy loss of 1479
kW occurs, of which the electrolyzer experiences the highest exergy loss, while the primary air
compressor exhibits the lowest exergy loss.
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4. Conclusion

This research takes an effective step towards optimizing energy consumption and reducing
environmental pollution. This research proposes and analyzes a novel combined heat and power
system consisting of a gas cycle, an air energy storage system, a double-effect absorption cooling
subsystem, a steam heat exchanger generator, and a proton exchange membrane electrolyzer. This
study presents an innovative energy system that utilizes the integration of compressed air energy
storage and an absorption cooling cycle. This integrated system drives a multiple generation process
for power, heating, and cooling. The system performance is evaluated through the use of both energy
and exergy analysis. A detailed examination at the component level reveals critical areas for
improvement and potential weaknesses in the design. This study also examines the sensitivity of the
overall system performance to changes in key design parameters. This work focuses on an absorption
cooling system and shows significant improvements in thermodynamic performance compared to
existing research findings. This work describes a novel integrated multi-system with air energy storage
capability. The results of the thermodynamic analysis of the system show that the maximum exergy
destruction occurs in the electrolyzer, and to improve the system performance, the maximum exergy
destruction can be reduced and the system efficiency increased by increasing the electrolyzer inlet
temperature.
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