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Abstract

The salt caves in Igdir province provide extensive benefits for health purposes in addition to
their tourism use, and the Igdir University Salt Therapy Center in Tuzluca district provides
important services to human health. These salt caves in Igdir can serve as an "Energy Storage

System" for industrial purposes, in addition to their tourism and health uses.

In this article, entitled as “Thermodynamic Cycle and Energy Transfer Fundamentals by a P&ID
principle diagram for "Salt Caves" (Salt Domes) in Igdir, Tuzluca province to be used as an
"Energy Storage System"; scientific and technical information is given about the project that
allows the "Salt Caves" (Salt Domes) in our Igdir, Tuzluca province to be used as an "Energy

Storage System" in addition to their current usage purposes.

While a compressor-driven gas turbine system can only transfer about one-third of the generated

electrical energy to the grid, it is evident that if the gas turbine is connected to a Compressed
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Air Energy Storage (CAES) system, all the generated electrical energy can be transferred to the
grid, achieving a very high system efficiency. In a gas turbine system, when electrical energy is
conventionally produced, 2/3 of the generated energy is used to compress the air in the turbine
compressor. If a CAES system is implemented and salt caverns are used as an energy storage

facility, almost all of the generated energy can be fed into the grid as useful electrical energy.

The salt domes (salt caves) in Igdir province of Turkey provide extensive benefits for health
purposes as well as being used for tourism purposes, and provide important services to human
health by means of the Igdir University Salt Therapy Center located in Tuzluca district. These
salt domes in Igdir can serve as an "Energy Storage System" for industrial purposes as well as
being used for tourism and health purposes. The name of the energy production system
described in this article is “Compressed Air Energy Storage System (CAES)” and it is usually
operated combined with a gas turbine system. [7], [8], [9], [16]

Keywords: CAES — Compressed Air Energy Storage Systems, Salt Dome, Salt Cave,
Cogeneration, Gas Turbine, Energy Efficiency, Energy Transfer, Electrical Energy, Heat
Energy, Thermodynamics, Fluid Mechanics, Energy Production Systems, Compressor, Natural
Gas, Energy Storage System, Adiabatic Process.

Introduction

This article entitled as “Thermodynamic Cycle and Energy Transfer Fundamentals by a P&ID
principle diagram for "Salt Caves" (Salt Domes) in Igdir, Tuzluca province to be used as an
"Energy Storage System"; provides scientific and technical information about the project that
allows the "Salt Caves" in Igdir province to be evaluated as an "Energy Storage System" in
addition to their current uses. The salt caves in Igdir province provide extensive benefits for
health purposes in addition to their tourism use, and the Igdir University Salt Therapy Center
in Tuzluca district provides important services to human health. These salt caves in Igdir can
serve as an "Energy Storage System" for industrial purposes, in addition to their tourism and

health uses. [7], [8], [9], [16]
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Method, Findings and Discussion

The energy production system described in this study is called a "Compressed Air Energy
Storage System (CAES)" and is usually operated in conjunction with a gas turbine system. [10],

[11]

Without CAES, the generator can transfer approximately 1/3 of its available power to the grid
(33%). The remaining 2/3 (66%) is used to compress the air pressurized for the combustion
process in the combustion chamber of the gas turbine. If CAES, i.e., Compressed Air Energy
Storage Systems, are used, the compressed combustion air is sent separately to the turbine, and
thus the generator can transfer all the power it produces to the electricity grid. To recharge the
CAES system, the compressor is operated using electricity from the grid during times when the

demand for electrical energy is low.

For the establishment of such an energy production system and facility using natural gas fuel,
an energy storage facility is required, and the salt caves in our Igdir province can be used as
energy storage caves. There are examples of this system currently operating in the world. A
portion of the existing salt caves in our Igdir province can be used as energy storage caves to
function as an energy storage system and contribute to the industry and economy of our region
and country. The P&ID principle diagram showing the thermodynamic cycle and energy
transfer fundamentals of the natural gas-fueled electricity generation using a Compressed Air
Energy Storage System (CAES) with salt caves is given in Figure 1, and the general operation

of the system is shown in this diagram.

Scientific and technical studies can be started immediately to establish such an electricity
generation plant by using the aforementioned salt caves for energy storage purposes. The
necessary potential for the establishment of the system exists in the Tuzluca region. It will also
be possible to further increase the efficiency by combining the planned facility with a
cogeneration type energy production system. [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11],
[12],[13], [14], [15], [16]
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Figure 1: P&ID principle diagram showing the thermodynamic cycle and energy transfer
fundamentals of natural gas-fired electricity generation using Salt Caves and CAES -
Compressed Air Energy Storage System. [7], [8], [9], [10], [11], [16]
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Conclusion

While a compressor-driven gas turbine system can only transfer about one-third of the generated
electrical energy to the grid, it is evident that if the gas turbine is connected to a Compressed
Air Energy Storage (CAES) system, all the generated electrical energy can be transferred to the
grid, achieving a very high system efficiency. In a gas turbine system, when electrical energy is
conventionally produced, 2/3 of the generated energy is used to compress the air in the turbine
compressor. If a CAES system is implemented and salt caverns are used as an energy storage
facility, almost all of the generated energy can be fed into the grid as useful electrical energy.[1],
[2], [3], [4], [5], [6], [7], [8], [9], [101, [11], [12], [13], [14], [15], [16], [17], [18], [19], [20],
[21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37]

Adiabatic systems can achieve higher efficiency values than non-adiabatic systems. [7],
[8],[9],[10],[11], [16] The use of salt caves as an “Energy Storage System” will provide great
scientific, technical and economic benefits for our Igdir province and our region in general, and
will also make extremely important contributions to our country’s “Domestic and National

Energy Production” goals. [7], [8], [9], [16]
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