
The prospects of liquefied carbon dioxide
energy storage

What is liquid carbon dioxide energy storage (LCEs)?

In transcritical and supercritical CCES systems,the dependence on geographical conditions is one of the main

obstacles limiting the application of technology. Liquid carbon dioxide energy storage (LCES) ,which uses

liquid storage to store CO2,is a new development direction without geographical restrictions.

 

Is liquid carbon dioxide energy storage a hotspot?

As a promising energy storage technology,liquid carbon dioxide energy storage has become a hotspotdue to its

high energy density and less restriction by the geographical conditions. A new liquid carbon dioxide energy

storage system with cold recuperator and low pressure stores is presented in this paper.

 

How efficient is liquid CO2 energy storage system?

Energy storage system with liquid carbon dioxide and cold recuperator is proposed. Energy, conventional

exergy and advanced exergy analyses are conducted. Round trip efficiency of liquid CO 2 energy storage can

be improved by 7.3%. Required total volume of tanks can be reduced by 32.65%. The interconnections among

system components are weak.

 

What is compressed carbon dioxide energy storage (CCES)?

They are now characterized as large-scale, long-lifetime and cost-effective energy storage systems.

Compressed Carbon Dioxide Energy Storage (CCES) systems are based on the same technology but operate

with CO 2 as working fluid. They allow liquid storage under non-extreme temperature conditions.

 

How CO2 is liquefied and stored in a high-pressure reservoir?

Then the CO 2 is liquefied and stored in the high-pressure reservoir. Discharging phase: liquid CO 2 exits the

high-pressure storage and it is evaporated and heated by the hot thermal storage (stored compression heat) and

then expanded in a turbine to generate electricity.

 

Can a low pressure liquefy CO2 storage system reduce material requirements?

A novel LCES system with low pressure storage and cold recuperator is presented in this paper. The storage of

CO2 as a low-pressure liquid can reduce the material requirementsfor storage devices. The LCS can store

latent cold energy to liquefy CO2 from the expander outlet and greatly reduce the required cold storage

volume.

The world is now on a fast track of vigorous human development and social transformation. Although the

industry development since the 20th century has greatly promoted human living standards, it is also the main

reason for the rapid increase of atmospheric CO 2 concentration leading to global warming and extreme

climate conditions (Li, 2022).Global CO ...
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renewable energy utilization by combining energy storage technology with renewable energy. In this paper, a

novel energy storage technology based on liquid carbon ...

To address these challenges, gasbag-structured compressed supercritical carbon dioxide energy storage

(G-CSCES) has been developed. However, existing studies primarily ...

The heat from solar energy can be stored by sensible energy storage materials (i.e., thermal oil) [87] and

thermochemical energy storage materials (i.e., CO 3 O 4 /CoO) [88] for heating the inlet air of turbines during

the discharging cycle of LAES, while the heat from solar energy was directly utilized for heating air in the

work of [89].

liquefied CO2 carriers as an economical means of transporting this enormous amount of CO2 to locations

where it will be stored or converted to other usage. This report presents, with a particular focus on the

liquefied CO2 carriers, the state of the technological development so far and future prospects. |2.

Renewable and Sustainable Energy Reviews. Volume 210, March 2025, 115164. A systematic review on

liquid air energy storage system. Author links open overlay panel ...

Liquid air energy storage (LAES): A review on technology state-of-the-art, integration pathways and future

perspectives. ... Leaving the cryogenic tank, liquid air is pumped to supercritical pressures using feed pumps

commonly used in the liquefied natural gas (LNG) industry [70]. Liquid air is then evaporated and expanded

in multiple turbine ...

As a promising energy storage technology, liquid carbon dioxide energy storage has become a hotspot due to

its high energy density and less restriction by the geographical ...

These proposed system processes were designed and evaluated to achieve maximum round-trip efficiency of

46% and energy density of 36 kWh/m 3, increasing by nine times than the previously reported value for

compressed carbon dioxide energy storage system, which shows that there is a trade-off between round-trip

efficiency and energy density in ...

Maritime transportation plays an important role for world trade; its contribution to air pollution and climate

change cannot be ignored. The current population of the world merchant fleet of 100 gross tonnage and above

is about 117,000 vessels and the total gross tonnage is 1.36 billion; the average annual growth was 4.6% by

number of vessels and 5.0% by gross ...

Liquid carbon dioxide (CO 2) energy storage (LCES) system is emerging as a promising solution for high

energy storage density and smooth power fluctuations.This paper investigates the design and off-design

performances of a LCES system under different operation strategies to reveal the coupling matching
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regulation mechanism of the charging and ...

For example, even though H 2 can significantly reduce GHG emissions, its use in electric (with fuel cells) or

internal combustion engines faces high production costs and low fuel density, requiring large investments to

maintain the security and achieve acceptable energy storage [10]  this context, the H 2 production costs,

depending on the process, are expected ...

Liquefied carbon dioxide is used in fire extinguishers; it is also used oil recover y . ... demand, making

liquefied air energy storage a more attractive m ethod of supplying . power.

In order to further improve the energy density, three layouts of liquefied carbon dioxide energy storage

systems are suggested by adopting idea from a liquefied air energy storage system.

Hydrogen is expected to play a key role as an energy carrier in future energy systems of the world. As

fossil-fuel supplies become scarcer and environmental concerns increase, hydrogen is likely to become an

increasingly important chemical energy carrier and eventually may become the principal chemical energy

carrier. When most of the world''s ...

In view of the excellent properties of CO 2 including high density, low viscosity and high molecular weight

[9], compressed carbon dioxide energy storage (CCES) technology was proposed and widely studied  is

reported that compared with CAES, CCES system could realize greater structural flexibility and

miniaturization as well as potential environmental value [10].

The role of underground salt caverns for large-scale energy storage: A review and prospects. Author links

open overlay panel Wei Liu a b, Qihang Li a 1, Chunhe Yang b, ... we propose a novel model for carbon

dioxide storage in salt caverns based on the carbon cycle to effectively address the spatiotemporal disparity

between carbon capture and ...

2.1 Liquefactionprocess. In the ship transport chain of CO 2, liquefaction process has the most significant

influence on total cost and energy.Liquefaction of CO 2 can be classified into three categories according to the

refrigeration system and refrigerant. The first is an absorption refrigeration system using NH 3.This method

has the advantage of high specific heat capacity ...

Review on present and future prospects for CO 2 geological storage highlighting major trapping mechanisms,

capacity estimation of storage sites, monitoring techniques, and ...

Geologic carbon storage (GCS) includes all carbon capture and storage (CCS) processes in which a relatively

pure stream of CO 2 captured from stationary industrial and energy-related sources is conditioned for transport

(compressed-dried and liquefied for ship transport), transported to the storage site, and injected into the

screened geologic ...
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Liquefied natural gas is a fossil fuel typically extracted from an underground reservoir consisting of a mixture

of hydrocarbons, 90%-95% of which is methane (CH 4), in addition to other components such as ethane,

propane, butanes, pentanes, water, hydrogen, nitrogen, carbon dioxide, and other gases. Liquified natural gas

is natural gas that ...

Among various energy storage technologies, liquid CO 2 energy storage (LCES) stands out as one of the most

promising options due to its advantages such as high round-trip ...

The underground storage technology has significant prospects for its rapid implementation due to the

European Union (EU)''s policy of moving to an economy of low carbon, including several scenarios such as

the implementation of a carbon tax, rise in energy production from renewable energy systems (RES), carbon

capture, utilization, and storage (CCUS) ...

With the demand for hydrogen being expected to increase by about 8-folds in 2050 over 2020, there are

several factors that can turn into challenges fo...

Four new gas-liquid storage compressed CO 2 energy storage systems are designed. The effects of different

liquefaction and storage scenarios are examined. The ...

For liquid carbon dioxide energy storage (LCES) technology, CO 2 is stored as liquid phase in both HP and

LP sides of the system, which has high energy storage density ...

In this study, two supercritical compressed carbon dioxide energy storage systems coupled with concentrating

solar thermal storage are proposed. One is a simple compression cycle, and the other is a split compression

cycle. Both thermodynamic and economic performance have been investigated numerically. The effects of

energy storage pressure ...

This paper explores the use of low-pressure flexible gas membrane storage chambers for CO2 gas storage,

integrated with an energy storage system to store power generated by renewable ...

Compressed CO 2 energy storage technology is a feasible resolution to stabilize the fluctuation of renewable

energy output and has significant development prospects. The main challenge currently facing is how to

achieve high-density storage of low-pressure CO 2.To get rid of the engineering application limitations caused

by low-pressure CO 2 liquefaction storage ...

Due to the fluctuating renewable energy sources represented by wind power, it is essential that new type

power systems are equipped with sufficient energy storage devices to ensure the stability of high proportion of

renewable energy systems [7].As a green, low-carbon, widely used, and abundant source of secondary energy,

hydrogen energy, with its high ...
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Compressed CO2 energy storage (CCES) system has received widespread attention due to its superior

performance. This paper proposes a novel CCES concept based on gas-liquid phase change and

cold-electricity cogeneration. Thermodynamic and exergoeconomic analyses are performed under simulation

conditions, followed by an investigation of the ...
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