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energy storage technology. He started his MSc
degree in the subject in 2018, and his thes i
detailed the thermodynamic pei a

! -
pumped hydraulic compréséed’_’alf gy storage
(PHCAES) system. He was awarded the degree in
September ???

The compressed air energy storage (CAES) system
generally adopts compressors and turbines to
operate under a constant pressure ratio. The
system working parameters cannot adapt to load
change, which causes the system efficiency to be
limited. In order to improve CAES system efficiency,
a novel variable pressure ratio CAES system is
proposed to

Compressed air energy storage (CAES) is one of
the many energy storage options that can store
(due to a loss of pressure and temperature, and the
) low cost of the energy stored. Some of the A
2.5-MW/4-MWh compressed CO2 facility operating
in Sardinia, Italy [1] 7. A 100-MW/400-MWh
adiabatic CAES system located in Zhangjakou,
China [1]
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STORAGE FACILITY OPERATES SOLAR
BETWEEN A PRESSURE

Compressed air energy storage (CAES) works in a
similar way to LAES, but instead of the air being
converted to a liquid, it is contained in a large
underground storage cavern. The combustion
turbine on a gas-fired power plant operates at a
pressure of around 30 bar. About 65% of the energy
produced by burning natural gas is used to
compress

Compressed air energy storage (CAES) systems
play a critical part in the efficient storage as before
in the expansion process to ensure that the turbine
operates properly, so additional compressed air
going into the high-pressure (HP) turbine. This
strategy reduces the fuel consumption to some
extent (about 25%). (Budt et al., 2016)

Energy storage systems are increasingly gaining
importance with regard to their role in achieving load
levelling, especially for matching intermittent
sources of renewable energy with customer
demand, as well as for storing excess nuclear or
thermal power during the daily cycle. Compressed
air energy storage (CAES), with its high reliability,
economic feasibility, ???
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Recovering compression waste heat using latent
thermal energy storage (LTES) is a promising
method to enhance the round-trip efficiency of
compressed air energy storage (CAES) systems.

Compressed Air Energy Storage (CAES) ??? CAES
is a means of storing energy indefinitely by
compressing air in an underground storage
reservoir an "air battery" ??? CAES economically

competes with utility scale energy storage projects
4 = needing to serve loads for multiple hours and days
’ - ?7?7? Absorbs excess grid power, resulting from
' renewables and

(AR

The incorporation of Compressed Air Energy
Storage (CAES) into renewable energy systems
/ | " offers various economic, technical, and
L | environmental advantages. The next component is
—— the control system for an expander train composed
of high- and low-pressure turbo-expanders with
burners between stages. The Chinese Academy of
Sciences

(C) 2025 Solar Energy Resources 3/10 Web: https://www.gebroedersducaat.nl



A COMPRESSED AIR ENERGY

STORAGE FACILITY OPERATES

SOLAR

BETWEEN A PRESSURE

”/‘ =
|

ﬂ;"ﬂ
mr
i
T {1
ne
M
Z

\

'>ZIiI1'

==
e
B

nnnnnnnnnnnnnnnnnnnnnn

1
|

(C) 2025 Solar Energy Resources

challenge. Compressed air energy storage (CAES)
is a relatively mature technology with currently more
attractive economics compared to other bulk energy
storage systems capable of delivering tens of
megawatts over several hours, such as pumped
hydroelectric [1???3]. CAES stores electrical energy
as the exergy of compressed air. Figure 1 is a

There are multiple choices of energy storage
technologies either deployed or under consideration
including pump-hydro, compressed air, battery,
liquid air, thermal energy storage systems, etc. [[3],
[4], [5]].Among them, compressed air energy
storage (CAES) systems have advantages in high
power and energy capacity, long lifetime, fast
response, etc. [6].

Installation of large-scale compressed air energy
storage Incorporation of energy storage facilities in
the electri- cavern operates between a minimum
pressure, to meet the
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= The recent increase in the use of carbonless energy
ENERGY STORAGE SYSTEM . .
T systems have resulted in the need for reliable
. energy storage due to the intermittent nature of
renewables. Among the existing energy storage
U technologies, compressed-air energy storage
(CAES) has significant potential to meet
W'—‘—— —_— techno-economic requirements in different storage
| — domains due to its long lifespan, ???

i ; The D-CAES basic cycle layout. Legend:
_ 4\‘!} ! 1-compressor, 2-compressor electric motor, 3-after
F:"“ [ cooler, 4-combustion chamber, 5-gas expansion
i turbine, 6-electric generator, CAS-compressed air
T storage, 7

The construction and testing of a modular, low
pressure compressed air energy storage (CAES)
system is presented. The low pressure assumption
(5 bar max) facilitates the use of isentropic
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Renewable energy (wind and solar power, etc.) are
developing rapidly around the world. However,
compared to traditional power (coal or hydro),
renewable energy has the drawbacks of
intermittence and instability. Energy storage is the
key to solving the above problems. The present
’r study focuses on the compressed air energy

— . storage (CAES) system, ???

As a mechanical energy storage system, CAES has
demonstrated its clear potential amongst all energy
storage systems in terms of clean storage medium,
high lifetime scalability, low self-discharge
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and stores the energy in the form of the elastic
potential energy of compressed air. In low demand
period, energy is stored by compressing air in an air
tight space (typically 4.0~8.0 MPa) such as
underground storage cavern. To extract the stored
energy, compressed air is
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This paper primarily focuses on a systematic
top-down approach in the structural and feasibility
analysis of the novel modular system which
integrates a 5 kW wind turbine with compressed air
storage built within the tower structure, thus
replacing the underground cavern storing process.
The design aspects of the proposed modular

compressed air storage system ??7?

Compressed air energy storage (CAES) is an
effective solution to make renewable energy
controllable, and balance mismatch of renewable
generation and customer load, which facilitate the
penetration of renewable generations. and exergy
efficiency of 2.49 % compared with general ACAES
system that the compressor operates with constant
pressure

2.1 Fundamental principle. CAES is an energy
storage technology based on gas turbine
technology, which uses electricity to compress air
and stores the high-pressure air in storage reservoir
by means of underground salt cavern, underground
mine, expired wells, or gas chamber during energy
storage period, and releases the compressed air to
drive turbine to ???
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CAES systems are categorised into large-scale
compressed air energy storage systems and
small-scale CAES. The large-scale is capable of
producing more than 100MW, while the small-scale
only produce less than 10 kW [60].The small-scale
produces energy between 10 kW - 100MW
[61].Large-scale CAES systems are designed for
grid applications during load shifting ???

A comprehensive performance comparison between
A compressed air energy storage and compressed
carbon dioxide energy storage The sliding-pressure
range of the gas storage facility from approximately
4.6 to the mass flow rate remains at 196.79 kg/s,

and the first four-stage compressors operate
steadily to provide hot water. Therefore, their

The achievable pressures could significantly exceed
those of salt cavern storage, with current CAES
facilities operate in the 45?2?80 bar already meet
the requirements for high pressure air storage
Compressed air energy storage is a large-scale

75 energy storage technology that will assist in the

;f: implementation of renewable energy in
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For a consistent comparison of storage capacities
including compressed air energy storage, the stored
exergy is calculated as 6735 TWh, 25,795 TWh and
358 TWh for hydrogen, methane and compressed

The strong coupling between the subsurface
i storage facility and the surface power plant via the
pressure of the compressed air, which directly

determines the amount of energy stored and the
power rates achievable, requires the consideration
of the fluctuating supply and demand of electric

@ —— power, the specific technical design of the

- |= Il ! compressed

A demonstration plant to test a novel advanced
adiabatic compressed air energy storage concept.
An abandoned tunnel in the Swiss alps is used as
the air storage cavern and a packed bed of rocks
thermal energy storage is used to store the heat
created during compression. The thermal energy

storage is placed inside the pressure cavern.
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Wang et al. [128] proposed a hybrid

SOLAR

renewable-energy generation/storage system that
included energy-harvesting devices (wind and wave

turbines) and energy-conversion devices
(compressed air and flywheel energy storage
modules). It can operate stably and balance

between system power and frequency.
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