455% T 2AHAE VoI55  No.7
2026 4£ 7 A THERMAL POWER GENERATION Jul. 2026

DOI:10.19666/j.rlfd.202511017

REPAHEL LA METANL KA R HRE

& g2, = OFEV2, xELx?, ERAS
(1. P& PAERERKARA S, 7% 100020;
2. PEGAZFTERAAMRAS, b 100020;
3. PEAFEELERFLH, LF  100190)

i E] [B88] TALELGRARETAMRALORCINY, EEARELEYRIZE LN
BEE, BHEABRBAKSNELEERARSZEAMREAANEIZA LT @M. K
w, BRI SIS 3 RE BAE A KN Z Gtk HA B E A B RGHFRIIK,
T BFREGKBEPIAERRRET®, ARSTAMEZABAMEALBRRFRLR
#whEE, [F)] ALEHRZEM T REZTAMERAABRMEARRKERIE, FmstibT
TR EAEARRGRIZRIFAL, BT EARE A G IR Fo RAFAE 69 KR K
Bl R TRETAMBEARETLARRKRNRAET@. (4] AT, BMAEL
BARBARZERMRA L AT RFMRGEEPA, BFREGSEBRAIKR. LE5RBL
K. BERAEREH R AR EM AR XBRELS, BHXEREASHAE
FAHK, HARTARARSAMEANE, BREHAMEILALEA—2EH. [E
PY Ak, #HBERENIEEIpR R, HRBEMEARAREMANE BHEAR
R E#—FFARRIAANIIE, RLEEA8ER. LI, MHHF 5 F2HF RIS LXK,
FAEAIR. EAhk&. BARAREREAHRG R,

[x # 18] 5= AfAe; TARK; BMEA; ARt aAR; TAIR

[BIRAANEIN] Tk, T4, ML=, ¥ RATAHMRACEMEARKFA LR KA L&, 2026, 55(7): 14.  Li X,
JiW, LiuJY, et al. Research progress on solid phase cold storage technology for liquid air energy storage systems[J]. Thermal Power
Generation, 2026, 55(7): 14.

Research progress on solid phase cold storage technology for
liquid air energy storage systems

Li Xin®2, Ji Wei'?, Liu Jiyun*2, Wang Junjie®
(1. Zhonglv Zhongke Energy Storage Technology Co., Ltd., Beijing 100020, China;
2. China Green Development Investment Group Co., Ltd., Beijing 100020, Ching;
3. Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: [Objective] Liquid air energy storage (LAES), characterized by its cleanliness, low carbon footprint, high
energy storage density, and geographical flexibility, is among the most promising large-scale long-term energy
storage technologies. The cold storage system is the core of LAES, and its efficiency directly affects the round-trip
efficiency of the entire system. Current cold storage technologies in LAES mainly include liquid-phase cold storage
technology and solid-phase cold storage technology. While liquid-phase cold storage technology offers high
efficiency and stable performance over repeated cycles, the flammability and explosivity of currently used liquid-
phase cold storage media limit its large-scale application. In contrast, solid-phase cold storage technology has
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garnered increasing research attention in recent years owing to its inherent safety advantages and wider application
prospects. Despite this growing interest, a systematic review and synthesis of the various solid-phase cold storage
technologies remain notably absent. This paper aims to clarify the current research status of solid-phase cold storage
technology, identify key challenges, and outline future development directions, thereby providing a reference for
related research in LAES systems. [Discussion] The principles of solid-phase cold storage in LAES are briefly
introduced, followed by a detailed comparison of different solid-phase cold storage technologies in terms of their
mechanisms and processes. The research progress and major technical challenges are summarized, and future
developmental trends for cold storage in LAES are discussed. [Conclusion] Currently, the relatively low cyclic
efficiency of solid-state cold storage remains a key issue to be addressed. Recently proposed novel packed bed
structures, such as stratified packed bed, composite packed bed, radial flow packed bed, as well as emerging
technologies like fluidized solid-phase cold storage and mobile solid-phase cold storage, can improve solid-phase
cold storage efficiency to varying degrees. Nevertheless, there is still a considerable gap before these technologies
can be implemented on a large engineering scale. [Prospect] The following directions still need further study:
(1) The mechanisms underlying the effects of spatiotemporally coupled asymmetric cold energy transfer on the
thermocline and exergy efficiency in packed beds, as well as the corresponding suppression strategies. (2) The
structural optimization of novel solid-phase cold storage packed beds should be conducted via a combined approach
of theoretical simulation and experimental investigation, with comprehensive consideration of material cycling
stability, system scale-up effects, and economic feasibility to demonstrate their viability for large-scale applications.
Furthermore, other novel and highly efficient configurations of solid-phase cold storage packed beds should be
developed. (3) Novel solid-phase cold storage technologies still require extensive experimental and engineering
validation alongside ongoing technical iteration, and the continued exploration and development of other innovative,
high-efficiency solid-state cold storage technologies are also imperative for future progress. (4) Moreover,
interdisciplinary collaboration across energy, chemical engineering, and materials science should be strengthened
to achieve breakthroughs in cold storage materials, equipment, systems, and integrated technology.

Key words: liquid air energy storage; cold storage technology; solid phase cold storage; cold energy storage and
usage; cold storage media
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