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Abstract: The continuous growth of global energy consumption and the intensification of
greenhouse gas emissions have made the building sector a key battleground for energy
conservation and emission reduction. As a core component of building energy consumption,
HVAC (Heating, Ventilation and Air Conditioning) systems can account for up to 70% of total
building energy consumption during peak summer electricity demand periods, not only
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increasing building operating costs but also posing a severe challenge to the stable operation
of regional power grids. Ice storage technology, as an efficient phase change energy storage
solution, utilizes off-peak electricity at night to produce and store ice, which is then melted
during peak daytime hours to provide cooling, thereby achieving peak shaving and valley
filling of power loads. This not only alleviates the pressure of peak-valley differences on the
power grid but also reduces building operating costs and carbon emissions, offering
significant economic and environmental benefits. This article systematically reviews and
compares ice-making and ice-melting technologies. In terms of ice-making technology, static
ice-making is widely used due to its simple structure and low equipment cost, but it faces the
bottleneck of increased thermal resistance as the ice layer thickens, leading to decreasing ice-
making efficiency over time. Dynamic ice-making, by introducing mechanical or fluid
disturbance to produce ice slurry, effectively overcomes the shortcomings of static ice-making.
Among these methods, the scraping method, with its high ice-making efficiency, stable ice
slurry quality, and low operation and maintenance costs, has become the mainstream
technical approach. In terms of ice-melting technology, coil-based systems represent the core
application form, which are divided into internal melting and external melting modes: internal
melting melts the ice layer from the inside out by introducing hot water or hot air into the coil,
which is fast but prone to local overheating of the ice layer; external melting melts the ice layer
through external fluid scouring, which is more uniform but has relatively lower heat transfer
efficiency. In addition, the article deeply analyzes the heat transfer enhancement mechanisms
of ice layer fragmentation, density inversion, and air stirring disturbance on the ice melting
process, as well as potential side effects such as increased energy consumption. Through this
review of ice-making and ice-melting technologies, this article deepens the understanding of
the physical mechanisms in the coil ice melting process, providing an important theoretical
basis and engineering reference for the optimization design, operation strategy formulation,
and promotion of ice storage systems, which is of great significance for advancing energy
conservation and emission reduction in the building sector. Furthermore, this paper explores
the potential value and application prospects of ice storage systems as high-quality flexible
energy storage units in participating in grid demand-side response and coordinated operation
with virtual power plants, expanding the theoretical framework for their role in building a new
power system.
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Fig. 1 Basic principle diagram of supercooling ice
making
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Fig. 2 Schematic diagram of gas-liquid direct contact
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Fig. 3 Schematic diagram of vacuum ice making
system
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Fig. 4 Multiple scraper-type ice makers
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