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Abstract

A novel compressed air energy storage system integrated with combined cooling,
heating and power is proposed and investigated in this study. The system under study
uses sulfur dioxide as the working fluid under the ejector refrigeration system to
produce coolant, which has not been used in previous studies, and the waste heat is
recovered and stored in the compressed air storage device, which shows the innovative
aspect of the present study. A complete and comprehensive thermodynamic and
economic analysis is performed on the proposed system. The proposed system is
examined from different perspectives and the system performance is quantified
through output parameters. Using up-to-date cost functions, the studied system is
examined from an economic perspective to clearly demonstrate the cost-effectiveness
of the proposed system. In addition, a parametric analysis is performed to evaluate the
system behavior by changing key parameters under different operating conditions. The
results of the thermodynamic analysis indicate the optimal thermodynamic
performance of the proposed system, such that an energy efficiency of 21% and an
exergy efficiency of 55% are achieved for the studied system. In addition, an economic
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analysis yields a total system cost of 232$ per gigajoule.
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1- Introduction

The standard of living of human beings has always
depended on the amount and manner of energy use
for their activities, so that identifying energy
sources and their optimal exploitation has been
considered one of the important tools for the
development and economic self-sufficiency of each
country since the beginning of history. Energy
saving in buildings is one of the important measures
used to reduce energy shortages and further
sustainable development. The energy consumption
of ventilation duct systems has attracted much
attention. Considering the effects of energy in
various economic, industrial, political, social and
environmental areas and the need for a
comprehensive approach to this important and vital
issue, what is needed today more than ever is to
examine the role and importance of energy in the

quality of life of societies and the need to optimize
its consumption. The amount of energy
consumption in buildings is increasing every year.
On the other hand, the reduction of non-renewable
resources and the harmful effects of using fossil
fuels, such as global warming and greenhouse gas
emissions, create limitations for the energy supply
of buildings. Therefore, the use of renewable energy
sources seems essential to address the energy
demand in buildings. To achieve this, the
construction of sustainable buildings and structures
is required so that future urbanization is taken into
account by societies. The transportation of sour gas
to the refinery is a critical issue that can destroy the
inner walls of the pipes due to the presence of toxic
and corrosive hydrogen sulfide and lead to an
explosion. These losses are so significant that a
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large part of the literature and developments in
developed countries are dedicated to the
introduction of various useful corrosion control
technologies. Undoubtedly, the close and tight
relationship  between energy and industrial
development and the increase in energy
consumption and prices in recent years, on the one
hand, and the role of energy in the cost of
manufactured and industrial goods, as well as the
pressure of the economy and global trade on the
economies of countries to reduce product prices, on
the other hand, have caused the importance of
efficient energy consumption to be more important
than ever before for policymakers and managers of
economic and industrial enterprises in the country.
Early human societies met their needs using simple
and primitive tools, and the only energy they
received from nature to continue their lives was the
energy stored in food. Gradually, humanity's
familiarity with fire increased the scope of using
resources and energies available in nature by using
wood. Although humanity was aware of the
existence of fuels such as crude oil, for centuries the
main source of energy for societies was wood and
the chemical energy contained in it. After the
discovery of oil resources in the world and the
beginning of the industrialization of societies to
produce various products, which was a consequence
of industrialization, human energy needs became
much broader and included various resources such
as oil, coal, and natural gas. After two centuries of
unlimited use of oil resources and reserves, when
the life of some oil reservoirs in different regions of
the world was approaching its end and its price
increased, experts in different countries began to
think about replacing other energy carriers with
fossil fuels. However, the environmental issue has
always been raised alongside the issue of limited
fossil fuel resources. Carbon dioxide, as the largest
representative of greenhouse gases, has been
affecting the climate for more than 1000 years and,
by absorbing infrared radiation reflected by the
earth, causes global warming. This phenomenon has
affected the world in terms of climate stress, and this
may cause damages such as drought, acid rain and
rising sea levels. In this regard, many efforts have
been made, and the use of energies such as natural

gas, solar energy, wind energy, and geothermal
energy has assumed special importance and is
expanding rapidly. With the expansion of research
in the field of renewable energy sources, it is
expected that in the not too distant future, these
sources, especially in distributed energy production
systems, will gain the necessary economic
justification to replace fossil fuels. The main goal of
evaluating and investigating renewable sources is to
find a suitable and cheaper place for consumption
sources. Researchers succeeded in storing excess
electricity by using electricity generated from
renewable energies and compressing  air
underground. This method is low-cost and more
efficient than electricity storage batteries. The use
of solar panels and wind farms is increasing day by
day; but storing the energy obtained by using
renewable energies and using it in power supply
networks has become a major challenge for
scientists. European scientists have recently
succeeded in achieving a low-cost method for
energy storage. In this method, air is used to store
energy. Although scientists have been able to
partially solve the problem of storing electricity
generated using renewable energy by using flow
batteries and smart power grids, European
researchers have recently been able to create a new
technology for storing electricity using the air
compression method. In this method, which has
been around for several decades, excess electricity
is used to compress air and then the compressed air
is stored in a cave-like place underground. To use
the electricity stored by this method, called CAES,
it is enough to direct the compressed air to a gas
turbine so that the turbine can generate electricity
with its help. This method is theoretically an
efficient and practical method because it can be used
at a very low cost and is in fact the cheapest method
for storing energy. On the other hand, using this
method does not require any special geographical
conditions compared to other methods such as
creating reservoirs for hydroelectric power
generation, which must be installed in the
mountains. Traditional compressed air energy
storage uses a gas turbine to generate electricity in
the energy release phase, which not only consumes
fossil fuels, but also emits greenhouse gases.
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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.

3- Results

In this study, by introducing a new multi-generation
system with air energy storage combined with a
sulfur dioxide-based ejector cooling system, we
witness the optimal performance of the proposed
system. The proposed system is investigated using
energy, exergy, and economic approaches, and the
cycle carbon dioxide emissions are determined
during the operation phase. A detailed examination
of each system component is carried out to find
critical points and system defects. By changing the
design parameters, the effect of their change on the
system performance is examined in the following.
The results of the system analysis are shown in this
section. It should be noted that the thermodynamic
properties of the working fluids are calculated using
the EES software. Having the thermodynamic
properties of each flow, the system performance
indicators can be calculated. The present study
allows the simultaneous generation of electricity,
heating, and cooling, and by using a compressed air
storage device, it provides the ability to provide
energy during peak consumption times and has wide
application in residential, commercial, and
industrial places. Thermodynamic analysis of the
proposed system shows an energy efficiency of 21%
and an exergy efficiency of 55%, indicating proper
system operation and optimal arrangement of the
thermodynamic components of the system. The use

of sulfur dioxide as a working fluid allows the
maximum output power of the proposed system to
be produced by the sulfur dioxide turbine, and the
system efficiency increases significantly. To
improve the performance of the proposed system,
the maximum exergy destruction among the
thermodynamic components of the system is
calculated and by providing methods to reduce the
maximum exergy destruction in the system, the
system efficiency increases significantly. One of the
methods to reduce energy consumption and
improve the thermodynamic performance of the
multiple generation system is to increase the
maximum temperature and reduce the minimum
temperature. In the present work, to improve the
efficiency of the system, after identifying the
maximum exergy destruction among the system
components, we reduce the maximum exergy
destruction by increasing the input temperature to
the component with the highest exergy destruction,
which has a greater effect on increasing the system
efficiency compared to previous methods. The total
exergy loss of the system is calculated to be 49,189
kW, and the highest exergy loss occurs in the sulfur
dioxide turbine, and the air compressor has the
lowest exergy loss among the components of the
proposed system. To expand the application of the
proposed system in various commercial, industrial
and residential industries to provide electricity,
heating and cooling simultaneously at the point of
energy consumption and eliminate the cost of
transferring electricity from the power plant to the
point of consumption and the possibility of storing
energy and selling excess energy to the grid, which
is considered an important achievement of the
present study in the field of electricity generation
and preventing power outages during peak
consumption and sustainable power supply, a new
working fluid of sulfur dioxide is used in the ejector
cooling system and the use of thermodynamic
components with efficient and up-to-date cost
functions improves the economic justification of the
system. According to the results of the economic
evaluation of the system, the total cost of the
proposed system is calculated to be 232$/GJ and the
return on investment in the present work is 18 years,
which indicates the appropriate commercialization



Journal of Science and Technology in Mechanical Engineering

Vol. 3, No. 1, 2024 10

capability and high economic justification of the
present work. According to the results of the
economic evaluation of the studied system, the
ejector has the highest share of the cost rate among
the system components and the lowest cost rate in
the system belongs to the air compressor.

4- Conclusion

A novel integrated compressed air energy storage
subsystem along with a multiple generation system
based on sulfur dioxide ejector cooling system is
proposed and investigated in this study. The
proposed system is investigated using energy,
exergy and economic approaches. A detailed
investigation of each system component is carried
out to find critical points and system defects. By
changing the design parameters, the effect of their
change on the system performance is further
investigated. In the present study, by using sulfur
dioxide in the ejector cooling system, we witness an
improvement in the thermodynamic performance of
the proposed system compared to previous research
and a novel arrangement of the multiple generation
system is presented which is combined with the air
energy storage subsystem. The basic results of
thermodynamic modeling showed that the energy
and exergy efficiency of the system are 21 and 55
percent, respectively. By applying up-to-date and
efficient cost functions for the system components
and by economic analysis with assumed initial
economic data, the basic results of economic
analysis showed that the overall cost rate of the

system is calculated to be 232$ per gigajoule. The
results of the thermodynamic and economic
analysis show that the proposed system has a good
performance and is economically viable and can
take a significant step in the industrial development
and storage of waste energy of energy systems.
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