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Research progress of novel low-carbon technologies in cold storages
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Abstract: This paper introduces the low-carbon quantitative index
and energy consumption evaluation standard of cold storages.
then  systematically ~summarizes the novel low-carbon
technologies and their application in cold storages from three
aspects: refrigeration technology, cold thermal energy storage
and air distribution optimization and finally prospects the
development of cold storages in the future.
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1 EBETAEEBEH
Power consumption quota of cold storages

Table 1
in Shanghai
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Table 2 Energy efficiency grade of cold storages
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Figure 1

Cascade utilization of LNG cold energy
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Table 3 Classification of phase change cold storage materials
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Table 4 Performance comparison of three kinds of phase

change cold storage materials
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Figure 2 Flow chart of liquid air energy storage system
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Figure 3 Layout pattern of air coolers at

different positions

1.2 KBYHEEBFK
WIS R WEE A ENTRALS N —1E
EZHE, AEEMBEZ TS SBOREARAE S,
L1 BEAS 5] A3 B XL R BURE A ™ o R B RN — B T
o R N A R W R e E AR R B X a2 B AR
Si0E IR R, 2 ST T 5T R B AE 1R ) HE B
FF 30T %) Tk B 5 04 o PN L Al IX 38k 22 [A) A 25 O W G IR
P53 gk B M B T X I A1 R R S R U W 22 ) 1
[ BR AT AR AR R DI 25 S i sl B8 Y 6 8 B 4 BETR
Bl o7 AT AT L, e B o HE P B0 Bl A I T I
4.3 HHELAYREER

2 2 20 K A S — B ALk KU 2, 76 R T A5
BT . 2k T 2R SR PR AT e R S
JRUBLAE 7% 4 , 98 25 R L £ 4 8 35 o AL 49 0 45 O 2 i
BN BEN A A DI, R Bk KU 2 KA
HMEWET GREGA AN > T RS
XF V8 PR B O A 3R AR T OF BB A% A /N Ty K
MLIEAT B BT 3 AL 19 BEARCSR B 3 o X B A 200 Xt 4F 4
LU E X KT AT OO, K Iz ik K7 K aefili 58 )
Z AR ZE R e 1.5 °C, H XU 2 0800 /N L ARHIE T %
JE PV S R B S 0 Ay AR A S . AR AR R R
TR R R B B R A 45 4 A B (40~100 mm/s) , i
B W TR B K 40 26 L B X R RE AR By 1k % 5% . L RE
PRAEBI BT % K
5 MR

1R 586 LTI V2 00 23 0 B 55 3 B W] 30 i i IR Ve
A7l 1F 75 4% — Fh 78 4 M 58 L 20 % 1t R0 B4 7 i A R
IO T AR . A, b [ E K T #4855 BBk Fn
Y R BE CR AP BOK 55 BE FE 119 18 12 At SR 7E R AN s HE ik 1A
R F7 . e %0 J5 T - CO, AR A 174 77 AE K IR BE I 1%

BERE CERBRTIRAARHER

B HE I, O ELAT 450 3 10 22 A (R W, T A A SR Ok KL Y
Ve JAE A V4 TR B B 32 5 1T D AR ] 98 B AR RN K AR AR A
£ AR DU X AT P4 A B8 UG 3 RE U B T8 o ML kb T T
Vo AR X v A R v T Y 3R 5 7E B VR U T L R A A KA RE R
VIR B Ve X P & R AT 3 5 A R 2 8 AR AF B 7% B 3B
BB W SFLAT 2 F B AR B B TE VS AU 4L UL AL
7 T T LA IO MUPL AR E BT W of B 7 oL R 4R SU X
IR WA e PR R AT AL

Y PR Y R D HE R I HOR B AT 55 L R R B AT Y
A B AR W R A R T A Y R G X R AR R AR A
v R Y R R HEAT I A LA SR AT EE A R IR L AT A S
B ¥ MR BORR A R V8 R 11 32 A B R AT g
(Ao b IR A A

5% 3k

(1] ABACEE, BhAF S, R . X ¥ T RR Y bR 5 T IR
B ERF ). 9% 5259, 2012, 12(5): 1-7.

HAO J X, HAN X M, TANG J G. Discussion of appraisal standards
and evaluation methods of energy-saving of cold storage [J].
Refrigeration and Air-conditioning, 2012, 12(5): 1-7.

(2] B, AT, B0 T . V2 P AR RE IT O B g 28 55 9 R 43 i 4R 3 (0],

BT RHEAE B, 2016(2): 121-122.
ZHEN Z, ZHAO Y, FAN H Y. Discussion on energy consumption
evaluation and energy efficiency classification of cold storage[J].
Heilongjiang Science and Technology Information, 2016 (2):
121-122.

[31 YU B B, YANG J Y, WANG D D, et al. An updated review of recent
advances on modified technologies in transcritical CO, refrigeration
cycle[J]. Energy, 2019, 189: 116147.

[4] X%, i, 420, B R AU ve R v 22 40 i b 9% (], ¥ LB R,
2019, 42(4): 38-40.

LIU J, DONG L, QUAN F. Selection of refrigeration system for a
large cold storage[J]. Journal of Refrigeration Technology, 2019, 42
(4): 38-40.

[5] BRUNO F, BELUSKO M, HALAWA E. CO; refrigeration and heat
pump systems: A comprehensive review[J]. Energies, 2019, 12(15):
2 959.

[6] LIU X, YU K H, WAN X C, et al. Conventional and advanced
exergy analyses of transcritical CO, ejector refrigeration system
equipped with thermoelectric subcooler[J]. Energy Reports, 2021, 7:
1 765-1 779.

(7] F R, WL, A I, 45 B0 COL 8 R v 2R 456 1 2L i Al 52

4TI, (RIR 58 T, 2017, 45(4): 51-54, 71.
ZHOU C J, SHEN J, YANG J G, et al. Theoretical and experiment
analysis of a novel CO, cold storage refrigeration system[J]. Cryo &
Supercond, 2017, 45(4): 51-54, 71.

[8] BELUSKO M, LIDDLE R, ALEMU A,

et al. Performance

evaluation of a CO, refrigeration system enhanced with a dew point

225



226

FR R ADVANCES

cooler[J]. Energies, 2019, 12(6): 1076.

[9] CATALAN-GIL J, NEBOT-ANDRES L, SANCHEZ D, et al
Improvements in CO, booster architectures with different
economizer arrangements[J]. Energies, 2020, 13(5): 1 271.

[10] HAN Y H, LI M, WANG Y F, et al. Impedance matching control
strategy for a solar cooling system directly driven by distributed
photovoltaics[J]. Energy, 2019, 168: 953-965.

[11] 28, VKA, BRE R KRR 4 M1V R G0 H T 1% R Y #4

TGV (1], 0 H DK% 5 4R CH R B 0, 2020, 48
(12): 27-33, 81.
LIZ Y, XU Y R, CHEN H K. Thermodynamic and economic
analysis of solar hybrid cooling systems for cold storages[J].
Journal of South China University of Technology (Natural Science
Edition), 2020, 48(12): 27-33, 81.

[I2IHAN K D, JI J, CAI J Y, et al. Experimental and numerical
investigation on a novel photovoltaic direct-driven ice storage air-
conditioning system[J]. Renewable Energy, 2021, 172: 514-528.

[13] LILLO-BRAVO I, BOBADILLA M A, MORENO-TEJERA S, et
al. A novel storage system for cooling stand-alone photovoltaic
installations[J]. Renewable Energy, 2020, 155: 23-37.

[14] SARAFOJI P, MARIAPPAN V, ANISH R, et al. Performance study
of solar photovoltaic cold storage system using phase change
materials[J]. Materials Today: Proceedings, 2021, 46: 9 623-9 629.

[15] ZHOU X Y, ZHANG Y, MA X, et al. Performance characteristics
of photovoltaic cold storage under composite control of maximum
power tracking and constant voltage per frequency [J]. Applied
Energy, 2022, 305: 117840.

[16] Jl g H, Thigh, 2= 0, 4. I T g A B HTUE A4 1 T 1956 R %
VR RERTT 5T [9]. K BH B~ 4R, 2021: 1-9.

ZHOU X Y, MA X, LI M, et al. Study on performance of
photovlataic cold storage based on control of dynamic impedance
matching[J]. Acta Energiae Solaris Sinica, 2021: 1-9.

[I77HE T B, KARIMI I A, JU Y L. Review on the design and
optimization of natural gas liquefaction processes for onshore and
offshore applications[J]. Chemical Engineering Research & Design,
2018, 132: 89-114.

[I8]HE T B, CHONG Z R, ZHENG J J, et al. LNG cold energy
utilization: Prospects and challenges [J]. Energy, 2019, 170:
557-568.

(191 ) 5. #6 ZFI T LNG ¥2 Al 37 50 v S0l IOG Ak 2% 48 I HLAE 08

JA Hp 9 S FHWE S (D). B R AR K2, 2021: 30.
HAO G Y. A new type of combined cooling, heating and power
system combined with cascade utilization of LNG cold energy and
its application in cold storage[D]. Jinan: Shandong University,
2021: 30.

[20] & @4, N, 200, 4F. LNG ¥ B T2 FE il %
FE[I]. WA R EE Tl K 2% 24 42, 2017, 49(2): 103-108.
DONG J K, HAUNG S, LI S, et al. Simulation study on

1 HE AR UL B

performance of the cold storage using LNG cold energy[J]. Journal

of Harbin Institude of Technology, 2017, 49(2): 103-108.

BEoss #2023 F 1 B | RSN

[21] 3K 2, Z5/N¥y, X IR, %, LNG % 8 16 % TR % &R J%E A i
F[I. M101E T, 2016, 45(10): 2 360-2 362.

ZHANG L Y, LI X L, LIU L, et al. Application of LNG cold
energy in cold storage[J]. Contemporary Chemical Industry, 2016,
45(10): 2 360-2 362.

[22] TESRLL, BRALUT, Ak, 55, T LNG Hellouhi v 8 n9e 1 &
GEBT R T A 0] RS R, 2018, 46(10): 19-24.
WANG C H, CHEN S P, YANG F L, et al. Design and economic
analysis of cold storage system based on LNG receiving station
cooling capacity[J]. Cryo & Supercond, 2018, 46(10): 19-24.

[23] LI S F, LIU Z H, WANG X J. A comprehensive review on positive
cold energy storage technologies and applications in air
conditioning with phase change materials[J]. Applied Energy, 2019,
255: 113667.

[24] ZHAO Y, ZHANG X L, XU X F, et al. Research progress of phase
change cold storage materials used in cold chain transportation and
their different cold storage packaging structures[J]. Journal of
Molecular Liquids, 2020, 319: 114360.

[25] A0 ¥, 5 . AR A8 2508 B RE R A v 2 v R ) F 5 3
[0]. & &S HLAE, 2021, 37(7): 227-232.

SUN J T, XIE J. Research progress of phase change cold storage
materials and their application in cold storage [J]. Food &
Machinery, 2021, 37(7): 227-232.

[26] ¥, Ao fl, THEIGR, 45 AL B Ve BRI 5T HE R (1], 6 TR
RIBE L, 2020, 48(1): 19-22, 30.

HUANG X, CUL Y D, YI G Q, et al. Research progress of phase
change materials[J]. New Chemical Materials, 2020, 48 (1): 19-
22, 30.

[27] XU X F, ZHANG X L, LIU S. Experimental study on cold storage
box with nanocomposite phase change material and vacuum
insulation panel[J]. International Journal of Energy Research, 2018,
42(14): 4 429-4 438.

[28] XU X F, ZHANG X L, ZHOU S X, et al. Experimental and
application study of Na, SO4 + 10H, O with additives for cold
storage[J]. Journal of Thermal Analysis and Calorimetry, 2019, 136
(2): 505-512.

[29] XIA M Z, YUAN Y P, ZHAO X D, et al. Cold storage
condensation heat recovery system with a novel composite phase
change material[J]. Applied Energy, 2016, 175: 259-268.

[30] RAJAN A B K, ANANDAN S S. Performance analysis of cold
storage system with nanofiller phase change material [J/OL].
Biomass Conversion and Biorefinery, 2021. [2022-02-21]. https://
doi.org/10.1007/s13399-021-01648-x.

[31] DE FALCO M, SALVATORI M, ZACCAGNINI A. Experimental
investigation of a multi-kWh cold storage device based on phase
change materials[J]. Journal of Energy Storage, 2021, 41: 102883.

[32] LU S L, LIANG B, LI X H, et al. Performance analysis of PCM
ceiling coupling with earth-air heat exchanger for building cooling
[J]. Materials, 2020, 13(13): 2 890.

[33] BORRI E, TAFONE A, ROMAGNOLI A, et al. A review on liquid



&M | Vol.39, No.1

air energy storage: History, state of the art and recent
developments[J]. Renewable & Sustainable Energy Reviews, 2021,
137: 110572.

[34] DAMAK C, LEDUCQ D, HONG MINH H, et al. Liquid air energy
storage (LAES) as a large-scale storage technology for renewable
energy integration: A review of investigation studies and near
perspectives of LAES[J]. International Journal of Refrigeration,
2020, 110: 208-218.

[35]CHEN J X, AN B L, YANG L W, et al. Construction and
optimization of the cold storage process based on phase change
materials used for liquid air energy storage system[J]. Journal of
Energy Storage, 2021, 41: 102873.

[36] SHE X H, ZHANG T T, CONG L, et al. Flexible integration of
liquid air energy storage with liquefied natural gas regasification
for power generation enhancement [J]. Applied Energy, 2019,
251: 113355.

[37] FASCHI, gkat, 5k A, 45, — k& ORC Ay B Bk 45 25 Uk RE

RG], SHRER 22 5 HOR, 2019, 8(5): 880-885.
BAI W G, ZHANG C, ZAHNG L, et al. Thermodynamic analysis
of novel hybrid liquid air energy storage system combined with
ORC[J]. Energy Storage Science and Technology, 2019, 8 (5):
880-885.

[38] ALVA G, LIN Y X, FANG G Y. An overview of thermal energy
storage systems[J]. Energy, 2018, 144: 341-378.

[39] TIWARI V K, KUMAR A, KUMAR A. Enhancing ice slurry
generation by using inclined cavity for subzero cold thermal
energy storage: Simulation, experiment and performance analysis
[J]. Energy, 2019, 183: 398-414.

[40] KUMAR A, YADAV S K, MAHATO A, et al. On-demand

intermittent ice slurry generation for subzero cold thermal energy

storage: Numerical simulation and performance analysis [J].

BERE CERBRTIRAARHER

Applied Thermal Engineering, 2019, 161: 114081.

[41] ZHANG C, YANG L, LIN W, et al. Experimental investigation and
life-cycle cost analysis of a cold storage enhanced vacuum cooling
system using ice slurry[J]. Sustainable Energy Technologies and
Assessments, 2021, 45: 101074.

[42] A, 2548 R, 5k, . W% KUHLAS 7] A B 7 B %1% 2 < 4

ZEUR ] B 4D K S B IR 9 (D). ¥ iR R, 2019, 42(1): 18-23.

TIAN T, LI F L, ZHANG W, et al. Simulation and experimental

study on influence of cold storage airflow of cooler different

arrangement positions [J]. Journal of Refrigeration Technology,

2019, 42(1): 18-23.

LA, WA RV P R B B RS A 0] A

5HLAK, 2017, 33(6): 139-142, 179.

[43

LI Y Z, XIE J. Numerical simulation and optimization on
temperature field in large cold store[J]. Food & Machinery, 2017,
33(6): 139-142, 179.

[44] 507 g 2R ME 1 J7 3O v8 5% P ASUAA T 3 o3 A B9 5 W (],
LR 55, 2019, 36(1): 37-40, 42.
ZENG X. Effect of pitaya stacking mode on gas flow field
distribution in cold storage [J]. Agricultural Technical Services,
2019, 36(1): 37-40, 42.

[45] KRR, XU iF, FEVETE, 55, RUBL 6 KURER 2 200 XU 3% XU
B WF AN LB (9], 1 ¥ 5 25 94, 2019, 19(2): 19-23.
LIU K J, LIU G H, TANG H Y, et al. Research and comparison of
air supply for fan and fiber fabric [J]. Refrigeration and Air-
conditioning, 2019, 19(2): 19-23.

[46] 2 3, 2= KM, JAFF. A 4 ik RUR GEAE & PR v B BT 52 (). i v
2, 2017, 31C1): 34-38.
LIS, LI D P, ZHOU D. Application research of fabric-duct air
supply system in cold

Conditioning, 2017, 31(1): 34-38.

storage [J]. Refrigeration and Air

(E#E% 220 T

[39] EMEE, 7B Fh, AT, 55 S Wk ah b SR ) T 1
WS HE SR (] £ ih % 4 BT R AG T 27 4), 2020, 11(16): 5 534
5 539.

WANG S L, LIAN Y J, YIH L, et al. Research progress in the
detection of estrogen in animal food[J]. Journal of Food Safety &
Quality, 2020, 11(16): 5 534-5 539.

[40] .0, WIAAAS, DRG0, 25 (8 st Ml R R 10 B 05 2 Bk B H I RS e A
[, #VT K24 OOl 5 AR AR 22 D, 2017, 43(6): 734-746.
TONG X, HU B Y, CHEN X C. Environmental exposure and
migration of steroid estrogens[J]. Journal of Zhejiang University
(Agriculture and Life Sciences), 2017, 43(6): 734-746.

[41] KARIN B M, NADINE B, FREDERIQUE C. Urinary excretion of
sex steroid hormone metabolites after consumption of cow milk: A
randomized crossover intervention trial[J]. Am J Clin Nutr, 2019,
109(2): 402-410.

[42] CHO E, SPIEGELMAN D, HUNTER D J, et al. Premenopausal fat

intake and risk of breast cancer[J]. J Natl Cancer Inst, 2003, 95
(14): 1 079-1 085.

[43] GANMAA D, CUI X, FESKANICH D, et al. Milk, dairy intake
and risk of endometrial cancer: A twenty six-year follow-up[J]. Int
J Cancer, 2012, 130(11): 2 664-2 671.

[44] 227, VFELUE, T 5. 24P £ il bR 28 B M R R 2y

B BRI (R b AR oM A R F R (2], i B
e PHH AR B R BE, 2016.
LI J, XU Z N, YU R X. Development of isotope labeling
Reference Materials for the detection of Sulfa and estrogens
residues in animal food [Z]. Shanghai: Shanghai Institute of
Measurement and Testing Technology, 2016.

[45] 20T F K BR B 3E R FB 15 F KA R A ZEA JE K45
OB 5 B BF A (D). AL b AR B 42 B, 2020: 34-35.
NIU X N. Preparation of maize min Fumonaxin FB; and

zearalenone ZEA matrix standard (quality control) substances[D].

Beijing: Chinese Academy of Agricultural Sciences, 2020: 34-35.

227



