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Abstract: The widespread adoption of electric vehicles has raised higher demands for the technology related
to power batteries. Consequently, a thermal management system that keeps the battery within an optimal
temperature range has become a core technical requirement for major manufacturers. In recent years, the
focus has shifted towards low-temperature thermal management technology, driven by the performance
degradation and life decay of lithium-ion batteries in winter’s cold conditions. Based on the degradation
mechanism of lithium-ion batteries in cold conditions, the paper provides a comprehensive overview of the
development status of low-temperature thermal management systems. Additionally, in conjunction with the
latest research progress, it summarizes a set of evaluation methods for low-temperature thermal management

of electric vehicles.
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| Bt TR /(°C/min) Z)4 P EHRE ~40 °CZ 0 °Chnik s [37]
2 RE TN #E FAALIRLEE R BT FER/(%/°C) 0.2 Py FHA ~20 °C % 0 °ChnFAIRE
3 IREEH 5 TR 2E/°C <5 I =25 °CH 5 *CHnAIRL: [43]
RO AR R % 78 PFEHRK  —15 CCHEET 1.6 CAFR IR [48]
4 FERTHLPERE 91.9 R =20 °CHEE T Pestid s [45]
TR R 80 i =50 °CHEiF 15 min PR7e [49]
5 XFdEiLrE FL B AR IR ZS SOH/% >90 D5 ARG 600 YAR LN FA G55 [52]
6 PR8I 1o Pk A ERE 15 AR5 RIS T 25 A0 [53]

34k T AL B, W] S b 28 B 2 A ARIR A By
ZARME IR 0 5 B PP 7 R A/ N B, R
ok LT AR A B R GE T LR 1) % JR e 4 R AR
PAE

1) AL LR b Y BRI AR R AR LA ML EE Y £
B, AR SEOT B T b s, IS
PRI 2%

S %3t (References)

(1] B0 /ML AR 45 00 HL M R 8
JELT] AL TR AR 8}, 2021,49(11) : 55-58.
LU Lu, ZHOU Xiaohong, YU Leping, et al. Research

2) SR FH YIRS e AL ZE A 1 K, K
SRR, SR AN E I S AR 5

3) W ERG A, AR, AT
AR E, R ITNIRR;

4) X TN [A] B AR, B X R A [7)
PP HE bR S IR 0T B 4 T Ml S A RIS
TP BRER 4R

Electrode Interphase, and Binders on Lithium-Ion Batteries
at Low Temperature [J]. Materials Today Sustainability,

2022,19:100187.1-100187.13.

Progress in Low Temperature Performance of Lithium lon [5] GAO Fei, TANG Zhiyuan. Kinetic Behavior of LiFePO,/
Batteries[ J].New Chemical Materials,2021,49(11):55- C Cathode Material for Lithium-Ion Batteries [J]. Elec-
58.(in Chinese) trochimica Acta,2008,53(15) :5071-5075.

(2] BAHHAS, SO00Rk , X AT , 56 B0 B 7l T I IR AR MR Y [6] LI Qiuyan, LU Dongping, ZHENG Jianming, et al.Li'-
HERELT ] aklR Eh 244 ,2016,44(1) : 19-28. Desolvation Dictating Lithium-lon Battery’s Low-Tem-
ZHAO Shixi, GUO Shuangtao, ZHAO Jianwei, et al. perature Performances [J]. ACS Applied Materials &
Research Progress in Low Temperature Characteristics of Interfaces,2017,9(49) :42761-42768.

Lithium Ion Batteries[J].Journal of the Chinese Ceramic [7] HE Han, WANG Yue, LI Meng, et al. Effect of Fluoro-
Society,2016,44(1):19-28.(in Chinese) ethylene Carbonate Additive on the Low-Temperature

[3] ZHU Gaolong, WEN Kechun, LV Weigiang, et al. Materials Performance of Lithium-Ion Batteries[ J].Journal of Elec-
Insights into Low-Temperature Performances of Lithium- troanalytical Chemistry,2022,925:116870.1-116870.8.
Ion Batteries [J]. Journal of Power Sources, 2015, 300: [8] WU Weixiong, MA Ruixin, LIU Jizhen, et al. Impact of

29-40.

[4] GUO R,HAN W.The Effects of Electrolytes, Electrolyte/

Low Temperature and Charge Profile on the Aging of

Lithium-lon Battery: Non-Invasive and Post-Mortem



488 REIRFIR £ 145
Analysis [J]. International Journal of Heat and Mass Integrated Thermal Management Solutions for Electric
Transfer,2021,170:121024.1-121024.10. Vehicles: A Review[J].Journal of Power Sources, 2022,

[9] PIAO Nan, GAO Xuning, YANG Huicong, et al. 550:232133.1-232133.24.

Challenges and Development of Lithium-Ion Batteries for [18] GUO Jian, JIANG Fangming. A Novel Electric Vehicle
Low Temperature Environments [J]. eTransportation, Thermal Management System Based on Cooling and
2022,11:100145.1-100145.18. Heating of Batteries by Refrigerant[J].Energy Conversion

[10] ZIER M, SCHEIBA F, OSWALD S, et al. Lithium and Management,2021,237:114145.1-114145.13.
Dendrite and Solid Electrolyte Interphase Investigation [19] WANG Yabo,RAO Zhao, LIU Shengchun, et al.Evaluating
Using OsO, [J]. Journal of Power Sources, 2014, 266: the Performance of Liquid Immersing Preheating System
198-207. for Lithium-Ion Battery Pack [J]. Applied Thermal Engi-

[11] TIPPMANN S, WALPER D, BALBOA L, et al. Low- neering,2021,190:116811.1-116811.10.

Temperature Charging of Lithium-Ion Cells Part I: Elec- [20] MORIA H, POURHEDAYAT S, DIZAJI H S, et al.
trochemical Modeling and Experimental Investigation of Exergoeconomic Analysis of a Peltier Effect Air Cooler
Degradation Behavior [J]. Journal of Power Sources, Using Experimental Data[ J].Applied Thermal Engineering,
2014,252:305-316. 2021,186:116513.1-116513.8.

[12] SUN Pengfei, ZHANG Xiaoning, WANG Shixue, et al. [21] ALAOUI C, SALAMEH Z M. A Novel Thermal
Lithium-Ion Battery Degradation Caused by Overcharging Management for Electric and Hybrid Vehicles [J]. IEEE
at Low Temperatures[ J ]. Thermal Science and Engineering Transactions on Vehicular Technology, 2005, 54 (2) :
Progress,2022,30:101266.1-101266.9. 468-476.

[13] B ks 25 . 40 e) 7 o IR IR TR 5 PR 3 s v 7 YL F 5% [22] ZHANG Jianan, SUN Fengchun, WANG Zhenpo.Heating
[D]. %R« 4 K27, 2022. Character of a LiMn, O, Battery Pack at Low Temperature
YIN Peixin. Research on Low Temperature Preheating Based on PTC and Metallic Resistance Material [J].
and Fast Charging Methods of Lithium-lon Batteries[ D |. Energy Procedia,2017,105:2131-2138.

Jinan: Shandong University,2022.(in Chinese) [23] JIN Xin, LI Junqgiu, ZHANG Chenning, et al. Researches

[14] FIEL,ZAE , fm 7, 5 8B 7 d AR TR AR iR b on Modeling and Experiment of Li-ion Battery PTC Self-

[17]

FEERIR[T] IR ,2022,46(9) :949-953.

TAO Zheng, PENG Jichang, MENG Gaojun, et al. Review
of Low-Temperature Preheating Methods for Lithium-Ion
Batteries[J].Chinese Journal of Power Sources, 2022, 46
(9):949-953.(in Chinese)

FRI, AR, ETT . A 3R 7 A 4L 2 AR
PAE B[] IREIAR ,2013,37(7) : 1184-1187.
WANG Facheng, ZHANG Junzhi, WANG Lifang. Design
of Air Electric Heating Device for Vehicle Power Battery
Pack[J].Chinese Journal of Power Sources,2013,37(7):
1184-1187.(in Chinese)

JI Yan, WANG Chaoyang. Heating Strategies for Li-lon
Batteries Operated from Subzero Temperatures [J]. Elec-
trochimica Acta,2013,107:664-674.

LEI Shurong, XIN Song, LIU Shangxiao. Separate and

(24]

[25]

[26]

[27]

Heating in Electric Vehicles [J]. Energy Procedia, 2016,
104:62-67.

LEI Zhiguo, ZHANG Chengning, LI Junqiu, et al.
Preheating Method of Lithium-Ion Batteries in an Electric
Vehicle[J].Journal of Modern Power Systems and Clean
Energy,2015,3(2):289-296.

WANG Yujie, ZHANG Xingchen, CHEN Zonghai. Low
Temperature Preheating Techniques for Lithium-Ion
Batteries: Recent Advances and Future Challenges [J].
Applied Energy,2022,313:118832.1-118832.13.

WANG Chaoyang, XU T, GE Shanhai, et al. A Fast
Rechargeable Lithium-lon Battery at Subfreezing Tem-
peratures [J]. Journal of the Electrochemical Society,
2016,163(9) : A1944-A1950.

YANG Xiaoguang, LIU Teng, WANG Chaoyang.Innovative



E3H

HINE % HHARMKE

N=}
(m

HEERFIENEAHAR

489

[29]

[30]

[31]

[36]

Heating of Large-Size Automotive Li-Ion Cells[J].Journal
of Power Sources,2017,342:598-604.

ZHANG Guangsheng, GE Shanhai, XU T, et al. Rapid
Self-Heating and Internal Temperature Sensing of Lithium-
Ion Batteries at Low Temperatures [ J].Electrochimica Acta,
2016,218:149-155.

PETZL M, KASPER M, DANZER M A.Lithium Plating
in a Commercial Lithium-Ion Battery—A Low-Temperature
Aging Study [J]. Journal of Power Sources, 2015, 275:
799-807.

NING Gang, HARAN B, POPOV B N. Capacity Fade
Study of Lithium-Ion Batteries Cycled at High Discharge
Rates [J]. Journal of Power Sources, 2003, 117 (1-2) :
160-169.

QU Zhiguo, JIANG Zhiyuan, WANG Qiong. Experimental
Study on Pulse Self-Heating of Lithium-Ion Battery at Low
Temperature [J]. International Journal of Heat and Mass
Transfer,2019,135:696-705.

ZHANG Jianbo, GE Hao, LI Zhe, et al.Internal Heating
of Lithium-Ion Batteries Using Alternating Current Based
on the Heat Generation Model in Frequency Domain[J].
Journal of Power Sources,2015,273:1030-1037.

WU Xiaogang, CUI Zhihao, CHEN Ersong, et al. Capacity
Degradation Minimization Oriented Optimization for the
Pulse Preheating of Lithium-lon Batteries Under Low
Temperature [J]. Journal of Energy Storage, 2020, 31:
101746.1-101746.12.

B VUM, S, AU R T R IR B
HORM L 5B [T R4 TR, 2022, 12(4)
446-458.

JIN Ying’ ai, JIANG Nan, QIAO Xin, et al. Progress and
Prospect of Electric Vehicle Thermal Management Tech-
nology Under the Background of Electrification [J].
Chinese Journal of Automotive Engineering,2022,12(4) :
446-458.(in Chinese)

GUO Shanshan, XIONG Rui, WANG Kan, et al. A Novel
Echelon Internal Heating Strategy of Cold Batteries for
All-Climate Electric Vehicles Application [J]. Applied
Energy,2018,219:256-263.

WANG Lincheng, ZHAO Yaohua, QUAN Zhenhua, et al.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Investigation on Thermal Management of Lithium-lon
Battery Based on Micro Heat Pipe Array [J]. Journal of
Energy Storage,2021,39:102624.1-102624.11.

HUANG Deyang, CHEN Zigiang, ZHOU Shiyao. Model
Prediction-Based Battery-Powered Heating Method for
Series-Connected Lithium-lon Battery Pack Working at
Extremely Cold Temperatures [J]. Energy, 2021, 216:
119236.1-119236.15.

ZHANG Guangsheng, GE Shanhai, YANG Xiaoguang, et
al. Rapid Restoration of Electric Vehicle Battery Per-
formance While Driving at Cold Temperatures[J].Journal
of Power Sources,2017,371:35-40.

XU Jun, MEI Xuesong, WANG Haitao, et al. A Hybrid
Self-Heating Method for Batteries Used at Low Temperature
[ J].IEEE Transactions on Industrial Informatics,2021,17
(7):4714-4723

KRR, SR, 5 2% . 2R B IR 4 3l J F IR T T R A
BRI AT (V] B A HOR 5 HE5E, 2021, 43(4) -
58-60.

LIU Zhiping, ZHANG Xiong, XIE Xin. Experimental
Study on Thermal Management of Low Temperature
Charging of Pure Electric Vehicle Power Battery [J].Bus
& Coach Technology and Research, 2021, 43(4) : 58-60.
(in Chinese)

MA Yan, DING Hao, LIU Yonggqin, et al.Battery Thermal
Management of Intelligent-Connected Electric Vehicles at
Low Temperature Based on NMPC [J]. Energy, 2022,
244:122571.1-122571.16.

T S K AR AT, A5 R R A ) HL T R R Y
SIPE R BE ST [T ], BB B3 45 &, 2019, (5) 2 175
177,181.

DAI Feng, NI Peiyong, ZHU Jianxin, et al. Study on
Improving Temperature Uniformity of Ni-MH Power
Battery Package[J]. Machinery Design & Manufacture,
2019(5):175-177,181.(in Chinese)

ZHU Jiangong, SUN Zechang, WEI Xuezhe, et al.Experi-
mental Investigations of an AC Pulse Heating Method for
Vehicular High Power Lithium-lon Batteries at Subzero
Temperatures [J].Journal of Power Sources, 2017, 367:

145-157.



490

REIREFR

145

[44]

[45]

[46]

(48]

[49]

LEI Zhiguo, ZHANG Yuwen, LEI Xueguo. Temperature
Uniformity of a Heated Lithium-Ion Battery Cell in Cold
Climate [J]. Applied Thermal Engineering, 2018, 129:
148-154.

W E Mg, 5 A, Wh A, 55 L A IR R BT T AT LA
il B 5 K e [J]. B 4R, 2019, 43 (3) - 405-
407,419.

YANG Yumei, HAN Youguo, YAO Chaohua, et al. Design
and Verification of Battery Pack Charging Control in Low
Temperature Environment [J]. Chinese Journal of Power
Sources,2019,43(3) :405-407,419.(in Chinese)

1R e L BOIbE 53, TS . B T R Tt T AR P R A AG U
ST ] R EEAR,2015,39(8) : 1643-1644.

GAO Xiaoqing, WEN Xiaoyong, WU Xuan. Detection
and Analysis of Charge and Discharge Performance of
Lithium Ion Battery[] |.Chinese Journal of Power Sources,
2015,39(8):1643-1644.(in Chinese)

SUN Mingyang, LIU Tong, LI Mulin, et al. A Deep
Supercooling Eutectic Phase Change Material for Low-
Temperature Battery Thermal Management[J].Journal of
Energy Storage,2022,50:104240.1-104240.10.

YAZICI M Y. The Effect of a New Design Preheating
Unit Integrated to Graphite Matrix Composite with Phase
Change Battery Thermal Management in Low-Temperature
Environment: An Experimental Study[J |.Thermal Science
and Engineering Progress,2022,29:101244.1-101244.12.

YANG Xiaoguang, ZHANG Guangsheng, GE Shanhai, et

WA (1998-), B, VLIHRSHHA, Al
W, FE TSI 0 Bh 7 A i AV
LI

Tel: 15256969879

E-mail: h.k-r@outlook.com

[50]

[51]

[52]

[53]

al.Fast Charging of Lithium-lon Batteries at All Temperatures
[J].Proceedings of the National Academy of Sciences of
the United States of America,2018,115(28):7266-7271.
RGN, K, e, 55 A R g BRI T e
TIERTGELRR [T ] P R 224l (A SRR , 2022,
44(2):194-206.

ZHANG Zhigang, ZHANG Tao, TANG Aihua, et al.
Summary of Research on Fast Charging Methods of
Lithium Battery for Vehicles in Healthy State[J].Journal
of Southwest University (Natural Science) ,2022,44(2):
194-206.(in Chinese)

MIN Haitao, ZHANG Zhaopu, SUN Weiyi, et al. A
Thermal Management System Control Strategy for Electric
Vehicles Under Low-Temperature Driving Conditions
Considering Battery Lifetime [J]. Applied Thermal Engi-
neering, 2020, 181:115944.1-115944.13.

JIANG Jiuchun, RUAN Haijun, SUN Bingxiang, et al. A
Low-Temperature Internal Heating Strategy Without
Lifetime Reduction for Large-Size Automotive Lithium-
Ion Battery Pack [J]. Applied Energy, 2018, 230:
257-266.

B TR IR R R BV A Bl ) Tt B B 5
[D ] WA ZREE I R Tl K2, 2019.

i

T

>
e

HU Kai. Research on Thermal Management of Electric
Vehicle Power Battery in Cold Environment [ D ].Harbin
Harbin Institute of Technology,2019.(in Chinese)

BIEEE

AP (1987-), 5, #HLIAIMN A, 1
&, Hd%, FEHIRTT R ORAEAEOR | AR
B, AR MEEEAR

Tel: 18186065549

E-mail: ghyu@whut.edu.cn



