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Research Progress and Prospects for Seawater Ice Slurry Comprehensive
Utilization in New Energy System
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Architecture, Tsinghua University, Beijing 100084, China)

Abstract Against the backdrop of China’s "Dual Carbon" goals and the "Maritime Power" strategy, seawater ice slurry, as a highly
efficient cold energy carrier, has demonstrated broad application prospects in fields such as cold storage and preservation, seawater
desalination, seawater-source heat pumps, and renewable energy integration. However, systematic reviews on its preparation,
application, and comprehensive utilization are scarce. This review provides a systematic review and critical assessment of the preparation
methods, typical application scenarios, technological advances, and industrialization challenges of seawater ice slurries. In terms of
preparation, seawater ice slurry can effectively accommodate renewable energy sources and waste cold resources, including offshore wind
power, photovoltaic power, and LNG cold energy. Regarding applications, the cold storage sector is the most mature, with preliminary
large-scale deployments in ocean-going fishing vessels. Although cycle optimization has effectively improved system performance in
seawater desalination and seawater-source heat pump applications, challenges in control complexity and operational stability remain. The
slow industrialization of seawater ice slurry stems primarily from seawater corrosion, insufficient stability in ice slurry preparation and
transportation, and a lack of multi-process coupled integration schemes. Building on this analysis, this study proposes a comprehensive
utilization strategy that couples seawater ice slurry with renewable energy utilization for the joint production of cooling, fresh water, and
salt minerals, providing a new pathway for the large-scale application of this technology in new energy systems.
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Fig.1 Principle of freezing desalination system
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Fig.2 Freezing desalination technology
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Fig.3 Icing of seawater heat exchanger
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Fig.4 The direct contact method ice-making technology

EY & |
B 5 Ez=ikdlkiEAR

Fig.5 The vacuum method ice-making technology
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Fig.7 The fluidized bed ice-making technology
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Fig.8 The supercooling water dynamic ice-making technology
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Fig.9 Seawater source ice slurry heat pump system

_7_



il

%

X T

2

TR SIEER H H BZ BRI Z N . A
) RGP RE DL AL i A R T 25 ]
AR, PEBE T ZEARBEATI I, i 75 T 8 TR A
9 TR BB , AMESZ B AR 98 s 54

4 KK RIFERB S HHER

4.1 MTF B H

T IR UK IR AE il & — A — Y s — A 1 i A
S IR RFE LS RS RCERRE . B
S8 V7K B v i S O K AL B AR TS 3 Y
K RGBS (EBE G DS A R B R
HTZAH X —ZR9 @D . Hak K
UKIE UK R RLAR AN | FR G845 i 2 A% HLvKEE XU 5
FEERR S T RN . A, A R LR IR
TV PR i B KR AL S B — Yt DR S AR,
it = 5] AR R VR RS S I GRK BRI 2 4
BRI FH ALK

B XoF 4 e A v 1) O SR 5 ki, HEE R
AT & S s B B, D S EON R, 1
il 2 B B, w8 2 vk O INK S 5 e A R
IR 22 1K W ) 5 R vkEE . XTIt nT A A A Ak
VA G H) R e v B B A B
Bl P A Rl Ak 5 6 B T W Al A Oy SO AR o . 7R
iz o B, 19 PR R DR %% 5 22 5 e A 4y )2, KA AT R
PR Bk . BRI K R Al USSR A oK
i AR Al ORI AR T /N R TH TR OB, DA A I B
R IE A AT R XURS: , (HAE = & vOR T , firds vk
W BB ARSRAEAE . I, P Stk i is R 7R
PR 1z R g A R A7 B e HE TR A 7E KU A5 7 S it
TH Rl S SR T AR
4.2 FEI

Bifi %5 AT P BE R A B TR B B, X
[ R B R 22 4 T ik ) 4 [ R R s i S A E R H
i . B R R B R g P i i
KR 5, R e O i A Jy . R0, an el
PETF T 54 BE VR A E H 1) ARSI 5 0Tt L T 44 7T 1
AR, OB BT R IR LA ROR B . it
FANAR T 1 AT A i 5 A A KR AL
R SO IR B S S G R IR R E ik
“g LRRVR T FTIE SR REIRLE B T A HT

H T, 32 b B9 I ST 52 ) MK vk IR AE &V
AN FH T W TR K R I8 T X3, 7T 3 4N VR I B T
FE B R PR RE VR A A b H B K AR A R
g5 RS T m A e R B, 2 B i e
R 8 R

BEAh , (EAT RS2 , BT SCHR B AT K KA B — i
55 T AFAE W] A JR BRI, X L S R By 7
AR o 4 TR T 00 T 83 0 o R 5 4 e
T JBE 4 J AR T K IR AL A5 e T T 00, ROk AT BR
FRIF IR UKIE A “AK V[ i B, K v ) A6 =X )
AU A R P 7K DR A ARG il i 225 1 e o (] e 7R 2
Y i 5 IRALIEUK Y XU T RE , A — Bl v — KR Y
PRI ML, LLHE Sl i K v 3 Ve 5 i KR AL B R Y
A LT, AT S B T AR AL S 5 AL K e . A
BEH ST, WK DRI A O IE R — B 5 A 5L, 1]
LTV RERE JEAKIRAL R SR I T — R R S 5 g
BRI AR o T 0E TR ¥ KO LT A PR, T 2%
] 46 L A TR K URIK, ANALBE A F1 7 W 20 3 1 3 A 42
PRV B AR 2 B S sl RS A L TR
J7 5 9 5 e SR A A A B 1 T R
ERFENATFFHR T R AR

LEEEAIRAL S Ve BOR B AR - PF B
KSR B IR 2T R A E AR 1 S, K UK
T LI T B4 A T TS i 9 7K B R 2 5 R P
Wit 22 A T2 WK vk TR 20 S B it
IKIRAL el P fif K XIRAE R (V8 ), I B = e 4 v 7K
UK T e b A SR . 7637 5EaE Fo Ty 10, B X I
i 2 L AR IXC, VE AR KR AT A Dy S R 40 B T 24K
PRI S5 T e L REUR S, HE O R IR ) o &
TP Y (9 R MRV BETT SR, eI b iR K I 5
VAR SR I 5 B X T T DX, 5 25 B AT H g b ik
5000 b T VK AN R R L AR i DG TR I T A IR 4
53T FHRE T 2K 5 76 LNG ¥ B8 7oA OV Hs 11, 17
L 5 s i A M) P v RE T 9 T K DRI, LG R ik
bl DX Tl Kt o0 S v R SR M RV BE T oK, O
SHE BT 3nk T3 3R 7K 55 Tl FH K 367 DA R T i R A B B
AR, B 2 27 BHZ L BOR 545 78 7l % 114
e, R AR T R G AR E T B A T A I e
%l 4 e Sl K KR ER B R T,
TR R RE TR Y R R 25 MU BRI R A T ] L9 7 1)
iR T5 5

5 B4

=A

ARG T KUK ) Z2 e i 113 5 )
Uil 8 T 20, FE R IR T ARV VRV I IR K IR AL K it
K VIR A U ) BB PSS 0 ol TR A BT
K ORI FE Al PR R AL, 2 — 25 AT T AT EOR
AR FH v T ) S B TR A5 i 29 DR 3R o A B R L
B8 T TR T 2 S 1 F) RE TR SO, IS 1 b 4

TR KR A 25 G R DR S, B 1 D R R T



IR, 55 B R R IR A R T W /K DICHE N P S e B e B2

AE UR Y = R 1 5 2 e L AME A BSR4 5 BOR
2%

AR KA RHE R LIS TR B (24ZXTKSN
0040) %% Bl . (The project was supported by Tianjin Science and
Technology Planning Project (No. 24ZXTKSN0040). )

S35 3k

[1]  Yu Sirui, Song Mengjie, Li Xianting, et al. A
comprehensive review on cold energy storage: Research
status and performance optimization of ice storage
technology [J]. Renewable and Sustainable Energy
Reviews, 2026, 235: 116929.

[2] Zhan Haoxiang, Yuan Xiaolei, Wang Yu, et al. Advances
in ice thermal energy storage for low-carbon and flexible
cooling systems [J]. Renewable and Sustainable Energy
Reviews, 2026, 239: 117124.

[3] Zheng Peibo, Xie Jing, Lan Weiqing. An effective way to
preserve aquatic products: slurry ice and its properties[J].
Food Research International, 2026, 229: 118516.

[4] Zhou Zhijie, Zhang Guanhua, Lu Wei, et al. Review on
high ice packing factor (IPF) ice slurry: Fabrication,
characterization, flow characteristics and applications (1]
Journal of Energy Storage, 2024, 81: 110378.

[5] Wang Qian, Wang Yunfeng, Li Ming, et al. Ice slurry
preparation methods and their applicability to fruit and
vegelable precooling systems: a critical review [J].
International Journal of Refrigeration, 2024, 157: 60-72.

[6] Wang Jihong, Battaglia F, Wang Shugang, et al. Flow and
heat transfer characteristics of ice slurry in typical
components of cooling systems: a review[]]. International
Journal of Heat and Mass Transfer, 2019, 141: 922-939.

[7] Kauffeld M, Gund S. Ice slurry-history,  current
technologies and future developments [J]. International
Journal of Refrigeration, 2019, 99: 264-271.

[8] Kauffeld M, Wang M J, Goldstein V, et al. Ice slurry
applications [J]. International Journal of Refrigeration,,
2010, 33(8): 1491-1505.

[9] Qiu Yue, Song Jixuan, Zhang Baofang, et al. Energy-
efficient chilling and storage of beef using slurry ice:
Assessing of chilling efficiency and quality changes [J].
International Journal of Refrigeration, 2025, 174: 127-
137.

[10] Yu Tao, Du Qun, Chen Mingbiao, et al. Research
progress of mobile cold storage using ice slurry[J]. Energy
Storage and Saving, 2023, 2(3): 503-512.

[11] Sidgy R, Pamitran A S, Setiadi D A, et al. Seawater ice
slurry for shrimp cooling using scraper blade ice slurry
generator [ C ]//AIP Conference Proceedings, 2020, 2227:

[12]

[13]

[14]

[16]

[17]

[18]

[20]

[21]

(23]

020002.

Janajreh I, Zhang Hongtao, El Kadi K, et al. Freeze
desalination: current research development and future
prospectS[J]. Water Research, 2023, 229 119389.
Shishiny A M, Kader A M, Ahmed S, et al. An
investigation of a proposed freezing desalination system
integrating sweating effect and a centrifugal-based brine
rejection technique [J]. Separation and Purification
Technology, 2025, 353: 128390.

Yedmel M A, Nasser eddine A, Hoang H M, et al
Experimental study of the performance of a heat exchanger
for a new desalination-cooling technique using ice slurry:
a proof of concept [J]. Applied Thermal Engineering,
2024, 250: 123479.

Kalista B, Shin H, Cho J, et al. Current development and
future prospect review of freeze desalination [1l.
Desalination, 2018, 447: 167-181.

Xie Xingxiang, Chen Yangui, Dai Leyang, et al. A review
of indirect freezing desalination: Key parameters,
experimental research, and numerical modeling [J].
Desalination and Water Treatment, 2025, 322: 101070.
Ayaz M, Namazi M A, Din M A U, et al. Sustainable
seawater desalination: Current status, environmental
implications and future expectations [J]. Desalination,
2022, 540: 116022.

Zheng Jinfu, Qin Qixiang, Yu Huili, et al. Structural
parameter optimization of capillary heat exchanger for a
novel seawater source heat pump system using subsea
tunnel seepage seawater[J]. Applied Thermal Engineering,
2026, 294: 130602.

Jia Xin, Chen Hu, Yang Yingxia, et al. Research on
integrative optimization operation of seawater heat pump,
photovoltaic, and cross-seasonal heat storage systems [1].
Renewable Energy, 2025, 246: 122864.

Su Chang, Madani H, Liu Hua, et al. Seawater heat
pumps in China, a spatial analysis[J]. Energy Conversion
and Management, 2020, 203: 112240.

Wang Luhang, Wang Chunli, Xu Chunwen, et al. Techno-
economic evaluation of a seawater source heat pump
system with auxiliary heat source in cold region of China
(1. Energy and Buildings, 2024, 311: 114178.

Wang Luhang, Xu Chunwen, Wang Chunli, et al
Prospects and challenges of seawater source heat pump
utilization in China: a systematic review [J]. Renewable
and Sustainable Energy Reviews, 2025, 210: 115247.
Zheng Wandong, Ye Tianzhen, You Shijun, et al. The
thermal performance of seawater-source heat pump
systems in areas of severe cold during winter [J]. Energy

Conversion and Management, 2015, 90: 166—174.
— 9 —



il % 2 4l

[24] Lan Wenchao, Liu Xi, Xie Meina, et al. Experimental [J]. International Journal of Refrigeration, 2010, 33(8):
analysis of freezing desalination using gravity and 1506-1512.
centrifugal methods with economic evaluation of coupled [35] Lan Wenchao, Liu Xi, Xie Meina, et al. Theoretical and
freezing desalination and ice storage system [J]. Energy experimental analysis of sea ice centrifugal desalination
Conversion and Management, 2024, 315: 118743. and supercooled water production for slurry ice [J].

[25] Hamid M, Song Mengjie, Hadibi T, et al. Research Separation and Purification Technology, 2025, 352:
progress and challenges in the preparation and application 128272.
of ice-making technology [J]. Renewable and Sustainable [36] Wang Zhen, Li Baoguo, Luo Quanquan, et al. Research
Energy Reviews, 2025, 223: 115996. on energy saving of ultrasonic wave in the process of

[26] Tt k%7, THEE, % . INGRHREH TRIKE# making sea-slurry ice [J]. Energy Conversion and

Tﬁﬁm&ﬁ%ﬂﬁxmﬁﬂﬁﬁ%m. fRIE T2, 2012(2) : 26-30. Management, 2021, 247 114541.
(Wang Lingshi, Zhang Xuejun, Wang Xiaolei, et al. [37] Lyu Fei, Zhu Rongrong, Tang Wei, et al. Progress of ice
Study on ice slurry production by air direct contact method slurry in food industry: application, production, heat and
on basis of utilizing LNG cold energy[ J]. Cryogenics, 2012 mass transfer[J]. International Journal of Food Science &
(2):26-30.) Technology, 2022, 57(2): 842-855.

[27] WJRT, SRPCAEN, MRABHER , 45 . vk AR S 45 N FH ) [38] Losada V, Barros-Velazquez J, Aubourg S P. Rancidity
Mo ]. H¥e, 2024, 43(6): 62-69. (Meng Xinyu, development in frozen pelagic fish: Influence of slurry ice
Zhang Qinggang, Lin Huaxi, et al. Research progress of as preliminary chilling treatment [J]. LWT-Food Science
ice slurry technology and field application [J]. Refrigeration, and Technology, 2007, 40(6): 991-999.

2024, 43(6): 62-69.) [39] Losada V, Pifieiro C, Barros-Velazquez J, et al. Inhibition

(28] BRTME, ROCH, M, 5F. ZE2LBRE &) I =2 H vk & of chemical changes related to freshness loss during
Gl vk M RE BT (D). W MWLW , 2026, 54(3): 1-9 storage of horse mackerel (Trachurus trachurus) in slurry
(Chen Erxiong, Song Wenji, Xiao Rui, et al. Research on ice[J]. Food Chemistry, 2005, 93(4): 619-625.
the ice-making performance of continuous-type wall- [40] Campos C A, Losada V, Rodriguez O, et al. Evaluation of
scraping ice-making system [J]. Fluid Machinery, 2026, an ozone — slurry ice combined refrigeration system for the
54(3): 1-9.) storage of farmed turbot (Psetta maxima) [J]. Food

[29] XIS, IhVER], RFER, . BRI HIM]. X Chemistry, 2006, 97(2) : 223-230.

A RER A AL, 2017, (Liu Shengchun, Sun Zhili, [41] Liu Tianyu, Liu Jing, Wang Panpan, et al. Effect of slurry
Dai Baomin, et al. Ice slurry technology and applications ice on quality characteristics and microbiota composition
[M]. Tianjin: Tianjin University Press, 2017.) of Pacific white shrimp during refrigerated storage [J].

[30] #hih, dhivass, WHEENI, 25 . 5T LNG % A8 rY IR [E i1k Journal of Agriculture and Food Research, 2023, 14:

PRIE Kl kR A L) . BUARAE T, 2020, 40(7): 197-201. 100792.
(Sun Jing, Han Kexin, Xie Chungang, et al. Freezing [42] Liu Chang, Pan Yunyun, Li Yongyong, et al. The effect of
desalination of seawater in liquid/solid fluidized bed by electron beam irradiation combined with slurry ice on
utilizing LNG cold energy [J]. Modern Chemical Industry, physicochemical parameters and bacterial communities of
2020, 40(7): 197-201.) shrimp (Litopenaeus vannamei) during refrigerated storage

[31] Yang Bin, Zhang Weiling, Zhou Minghao, et al. [J]. Food Control, 2024, 158: 110264.

Experimental investigation on thermal performance of [43] Ntzimani A, Angelakopoulos R, Semenoglou I, et al.
seawater source ice slurry heat pump system [J]. Applied Slurry ice as an alternative cooling medium for fish
Thermal Engineering, 2025, 280: 128370. harvesting and transportation: Study of the effect on

[32] Gao Penghui, Li Zhiyong, Yan Fuchun, et al. Study on seabass flesh quality and shelf life [J]. Aquaculture and
flow and heat transfer characteristics of salt solution ice Fisheries, 2023, 8(4): 385-392.
slurry [J]. International Journal of Refrigeration, 2024, [44] Zhao Yanan, Lan Weiqing, Shen Jinling, et al.
159: 1-16. Combining ozone and slurry ice treatment to prolong the

[33] Melinder A, Ignatowicz M. Properties of seawater with ice shelf-life and quality of large yellow croaker (Pseudosciaena
slurry use in focus [J]. International Journal of crocea)[J]. Lwt, 2022, 154: 112615.

Refrigeration, 2015, 52: 51-58. [45] Kwon G Y, Lee J B, Park HE, et al. Slurry ice freezing

[34]

Melinder A. Properties and other aspects of aqueous

solutions used for single phase and ice slurry applications

10 —

enhances quality retention in frozen flounder (Paralichthys

olivaceus) during storage [J]. Applied Food Research,



IR, 55 B R R IR A R T W /K DICHE N P S e B e B2

[46]

[47]

(48]

[49]

[50]

[51]

[52]

2025, 5(2): 101327,

Zhao Yating, An Jun, Wang Yanbo, et al. Mechanistic
insights into ozone-slurry ice synergy for preserving the
quality of Litopenaeus vannamei during chilled storage[J].
Food Chemistry, 2026, 499: 147318.

Lan Wenchao, Liu Xi, Ye Kai, et al. Comprehensive
thermodynamic and economic analysis of an LNG cold
energy recovery system using organic Rankine cycle and
freezing-centrifugal desalination for power and water
cogeneration [J]. Journal of Cleaner Production, 2024,
461: 142677.

Yuan Han, Sun Kunyuan, Wang Kunwei, et al. Ice
crystal growth in the freezing desalination process of binary
water-NaCl system[]]. Desalination, 2020, 496 114737.
Chen Jun, Wu Jianjian, Xu Jiafeng, et al. Experiments
and insights of desalination by a freezing/thawing method
at low subcooling [J]. Chinese Journal of Chemical
Engineering, 2020, 28(12): 3011-3017.

Chen Dong, Zhang Chaosheng, Rong Hongwei, et al.
Experimental study on seawater desalination through
supercooled water dynamic ice making [J]. Desalination,
2020, 476: 114233.

Xie Chungang, Zhang Lingpin, Liu Yanhui, et al. A
direct contact type ice generator for seawater freezing
desalination using LNG cold energy [J]. Desalination,

2018, 435: 293-300.
Li Fuchao, Lin Wenye, Wang Jiaying, et al. Development

and multi-objective optimization of a novel power-to-ice
system for offshore renewable energy penetration [J].
Applied Thermal Engineering, 2026, 293: 130285.
(53] IRICH, BRAEE, PRI, 55 . i v d il K v il 4 &
GERERBREIE BT L) ] BT RE TR BERE | 2023, 11(6): 491-
498. (Song Wenji, Li Fuchao, Chen Mingbiao, et al.
Energy consumption characteristics analysis of seawater
ice slurry generation system using supercooling method
[J]. Advances in New and Renewable Energy, 2023, 11
(6): 491-498.)
B, BRI, R, 45 B T A UCK B R TR
e L BT 2 [0 ). A RERL A 5 HOR , 2023, 12(12)
3730-3739. (Li Fuchao, Chen Mingbiao, Du Qun, et al.

[54]

Research on in-situ remote offshore wind-power consumption
based on ice-slurry cold storage [J]. Energy Storage
Science and Technology, 2023, 12(12): 3730-3739.)

BIEEEEN

EICHE, B AR AR A B, 010-62785860, E-mail :
xtingli@tsinghua.edu.cno, WF5EJ7 ] : 7 BE =R AY R IR 45 5 &
4L, BN IR EEEE 5Tk

About the corresponding author

Li Xianting, male, professor, School of Architecture, Tsinghua
University, 86—10-62785860, E-mail: xtingli@tsinghua.edu.cn.
Research fields: energy-efficient heating and cooling equipment
and systems, theoretical foundations and methodologies for

indoor air in built environment.



