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In recent years, energy and environmental issues have become more and more prominent, and electric vehicles powered by lithium-ion battery have shown great potential and advantages in alleviating these issues. Compared with other batteries, lithium-ion batteries have the advantages of high specific energy, high energy density, long endurance, low self-discharge and long shelf life. However, temperature of the battery has become one of the most important parameters to be handled properly for the development and propagation of lithium-ion battery electric vehicles. Both the higher and lower temperature environments will seriously affect the battery capacity and the service life. Under high temperature environment, lithium-ion batteries may produce thermal runaway, resulting in short circuit, combustion, explosion and other safety problems. Lithium dendrites may appear in lithium-ion batteries at low temperature, causing short circuit, failure to start and other operational faults. In this paper, the used thermal management methods of lithium-ion batteries are introduced and their advantages and disadvantages are discussed and compared. At the same time, the prospect of future development is put forward.

Introduction

With the rapid development of China's economy, people's living standards are also improving, and private cars have gradually entered the family. However, traditional fossil fuel resources such as oil are limited, and their combustion will emit greenhouse gases (GHG) and harmful substances [START_REF] Leman | Emission Treatment towards Cold Start and Back Pressure in Internal Combustion Engine against Performance of Catalytic Converter: A Review[END_REF][START_REF] Alptekin | Emission, injection and combustion characteristics of biodiesel and oxygenated fuel blends in a common rail diesel engine[END_REF] and affect the environment and climate [START_REF] Zhi | Preparation and heat transfer characteristics of microencapsulated phase change material slurry: A review[END_REF] . A series of problems, such as energy shortage, environmental pollution and climate warming, brought by the traditional petrol-powered vehicles with oil or diesel as the main fuel, have also become the public concerns [START_REF] Azam | The effects of energy on investment, human health, environment and economic growth: empirical evidence from China[END_REF] . The transportation sector (fuel-powered automobiles) is one of the major consumers of fossil energies and thereby contributing a great part to the air pollutions and the GHG emissions. According to the 2017 China Motor Vehicle Environmental Management Annual Report [START_REF] Huang | Analysis Of Vehicle Contaminants Emission in China[END_REF] , the total emission of four pollutants (CO, NOx, carbureted hydrogen and particulate matter) from motor vehicles in China was 42.597 million tons. Facing these issues, a technology revolution of vehicles has quietly been emerging since the last century in Europe and now sweeping the world. Firstly, many countries have announced plans to ban the sale of petrol-powered vehicles from 10 to 40 years onwards. Secondly, cleaner and more environmentally friendly new energy vehicles also appear in the public's view, providing alternative choices for the majority of consumers. Electric vehicles (EVs) are the representative of clean and environmentally friendly vehicles.

A short history of EVs

The origin of EVs can be traced back to the 1830s. Thomas Davenport of the United States built the world's first tricycle powered by a non-rechargeable dry battery. In the 1880s, Gustave Trouve in France built the world's first rechargeable lead-acid battery-powered tricycle [START_REF] Fu-Qiang | Development status and research progress of power battery for pure electric vehicles[END_REF] . Frank Sprague designed and produced trams [START_REF] Chen | Modern electric vehicle technology[END_REF] . The iron and nickel battery invented by Thomas Edison provided the impetus for the development of EVs. At the end of the 19th century, many American and British companies began producing EVs. At the beginning of the 20th century, there were more than 30,000 EVs in operation in the United States [START_REF] Xue-Jie | Electric vehicles and Li-ion batteries[END_REF] , playing an important role in private transportation. At that time, EVs were a symbol of wealth, a vehicle for financial titans. After nearly a century of development, EVs have been driven by chemical power sources, from lead-acid batteries to nickel-metal hydride batteries and nickel-cadmium batteries. However, these batteries become more and more inadequate to meet the power requirements of pure EVs due to some technical constraints, such as battery volume, battery working environment and battery charging time. Combined with the rapid development of traditional diesel automobiles, the available global oil resources and other resources exploration and development, EVs were at a disadvantage in application.

In the 21st century, with the rapid development of economy and human society, the demand for energy is fast increasing. How to reduce the energy consumption of the transport sector is a matter of concern. Electric cars are once again on the scene. EVs have significant advantages in energy conservation, emission reduction and environmental protection. The popularization and application of EVs are of great significance for alleviating environmental pollution, solving the oil crisis, ensuring national energy security and realizing the sustainable development of society and economy.

Batteries for EVs

With the continuous breakthrough of key technologies for EVs and the improvement of infrastructure, countries all over the world have joined the ranks of seizing the technology and market of EVs. There are four main types of EVs: hybrid electric vehicle (HEV), battery electric vehicle (BEV), fuel cell electric vehicle (FCEV) and other new energy EVs. The development of energy storage technologies has greatly accelerated the battery-driven trend in the automobile industry. EVs have three core components: power sources, motor and electronic control system. From the perspective of global new energy vehicle development, its power sources mainly include lithium-ion batteries (LIBs), nickel metal hydride batteries, fuel cells, lead-acid batteries, supercapacitors and so on. The working state of the power sources is closely related to temperature. LIBs have shown great potential in the application of EVs at room temperature. It has the advantages of high specific energy, high energy density [START_REF] Tarascon | Issues and challenges facing rechargeable lithium batteries[END_REF][START_REF] Nitta | Li ion Battery Materials: Present and Future[END_REF] , long service life, low self-discharge [START_REF] Jaguemont | A comprehensive review of lithium-ion batteries used in hybrid and electric vehicles at cold temperatures[END_REF] and long shelf life [START_REF] Aneke | Energy storage technologies and real life applications -A state of the art review[END_REF] . But for LIBs to be widely used in EVs, safety [START_REF] Basu | Coupled electrochemical thermal modelling of a novel Li-ion battery pack thermal management system[END_REF] , cost, energy efficiency, charging devices and other issues need to be considered. Among various influencing factors, the operating temperature plays an important role on the performance, life and safety of LIBs [START_REF] Zhang | Thermodynamic assessment of active cooling/heating methods for lithium-ion batteries of electric vehicles in extreme conditions[END_REF] . At too low or too high temperature, the charge-discharge performance of LIB is still a big problem [START_REF] Huang | The limits of low temperature performance of Li-ion cells[END_REF] .

Therefore, in view of the complex thermal characteristics of EVs under different external environmental conditions and driving conditions, it is necessary to develop the battery thermal management system (BTMS) [START_REF] Cen | Experimental investigation on using the electric vehicle air conditioning system for lithium-ion battery thermal management[END_REF] , which plays a decisive role in the future development of EVs.

Objectives of this review paper

At present, there are a lot of scholars studying the temperature management of EVs working in harsh environments. This topic has received increasing research attention, indicated by the significantly increasing number of yearly publications since 2000 (Fig. 1). Reviews papers related to LIBs for EVs have also been published. Raijmakers et al. [START_REF] Raijmakers | A review on various temperatureindication methods for Li-ion batteries[END_REF] have summarized various methods of temperature indication of LIBs and briefly introduced the working principle of LIBs. Xie et al. [START_REF] Xie | Novel Mesoscale Electrothermal Modeling for Lithium-Ion Batteries[END_REF][START_REF] Xie | An Enhanced Online Temperature Estimation for Lithium-Ion Batteries[END_REF] have studied the thermal simulation of LIBs and proposed a variety of electrothermal models to provide support for the thermal management of LIBs. Wu et al. [START_REF] Wu | The state of the art on preheating lithium-ion batteries in cold weather[END_REF] and Vidal et al. [START_REF] Vidal | XEV LI-ION BATTERY LOW TEMPERATURE EFFECTS -REVIEW[END_REF] have reviewed the heating technology of LIBs in cold weather. Jaguemont and Mierlo [START_REF] Jaguemont | A comprehensive review of future thermal management systems for battery-electrified vehicles[END_REF] have reviewed the current situation of BTMS and systematically introduced traditional cooling systems. Specifically, Landini et al. [START_REF] Landini | A Review of Phase Change Materials for the Thermal Management and Isothermalisation of Lithium-Ion Cells[END_REF] and Chen et al. [START_REF] Chen | Effects of different phase change material thermal management strategies on the cooling performance of the power lithium ion batteries: A review[END_REF] have analyzed and reviewed the applications of phase change materials (PCMs) in the thermal management of LIBs-EVs. Solyali and Akinlabi [START_REF] Solyali | Configuration, design, and optimization of air-cooled battery thermal management system for electric vehicles: A review[END_REF] have focused on the analysis of the air-cooled BTMS for EVs. Choudhari et al. [START_REF] Choudhari | A review on effect of heat generation and various thermal management systems for lithium ion battery used for electric vehicle[END_REF] have reviewed temperature control systems for different cooling technologies such as air convection, liquid convection, PCMs and their combinations. However, most of the reviews only focus on the heating or cooling of LIBs while a comprehensive overview of the thermal management for LIBs-EVs is still lacking.

Therefore, the main objective of this review paper is to summarize the efforts made by various researchers in the development of EV's BTMS using electric heating, air heating/cooling, liquid heating/cooling, and PCMs heating/cooling, as well as their advantages and challenges. The paper starts with a brief overview of the working principle of LIBs, the heat generation principles and possible consequences, providing the basic battery functioning knowledge to the readers. Then, various heating and cooling methods of LIBs under low and high temperature conditions are systematically summarized. Finally, the prospect of BTMS for lithium-ion EVs in the future is put forward.

The rest of the paper is organized as follows. Section 2 begins with the hazardous consequences of LIBs due to harsh temperatures. Section 3 introduces the common heating methods of LIBs. Section 4 describes the common cooling methods of LIBs. In section 5, the main conclusions are summarized and some prospects are proposed.

Temperature: the key factor impacting the performance of LIBs

A LIB consists of a positive electrode, a negative electrode, an electrolyte, a membrane through which only lithium-ions can pass freely, and a battery shell. LIBs use carbon material as the negative electrode and lithium-containing compounds as the positive electrode, such as LiFePO4, LiMn2O4 and Li(NiCoMn)O2. LIBs work mainly by moving lithium-ions between the positive and negative poles. For the discharging process, the lithium-ions detach from the negative electrode and pass through the electrolyte to penetrate into the positive electrode. The charging process is the reverse operation. Charging and discharging of LIBs involve thereby an electrochemical reaction, which takes time and is accompanied by the conversion of energy and heat. The electrode reaction in charge and discharge process is illustrated by an example of lithium iron phosphate battery [START_REF] Padhi | Phospho-Olivines as Positive-Electrode Materials for Rechargeable Lithium Batteries[END_REF] .

The positive electrode reaction equation for the discharging of LIB is: 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 4 → 𝐿𝐿𝐿𝐿 1-𝑥𝑥 𝐿𝐿𝐿𝐿𝐹𝐹𝐿𝐿 4 + 𝑥𝑥𝐿𝐿𝐿𝐿 + + 𝑥𝑥𝐿𝐿 - The negative reaction equation is:

6𝐶𝐶 + 𝑥𝑥𝐿𝐿𝐿𝐿 + + 𝑥𝑥𝐿𝐿 -→ 𝐿𝐿𝐿𝐿 𝑥𝑥 𝐶𝐶 6 The overall reaction equation is:

𝐿𝐿𝐿𝐿 𝑥𝑥 𝐶𝐶 6 + 𝐿𝐿𝐿𝐿 1-𝑥𝑥 𝐿𝐿𝐿𝐿𝐹𝐹𝐿𝐿 4 → 6𝐶𝐶 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 4 There are four main sources of heat inside a battery [START_REF] Saito | Thermal studies of a lithium-ion battery[END_REF] : the reaction heat from a reversible reaction; the by-reaction heat generated by electrolyte decomposition during overcharging or overdischarge; joule heat due to the internal resistance of the cell due to the Joule effect; and the heat of polarization generated by the polarization reaction. The larger the discharge current of the battery, the smaller the discharge capacity and the faster the voltage drop. When the charging current increases, the charging speed increases, and the more heat a battery generates. Based on the literature survey, the recommended operating temperature ranges of the battery pack are closely overlapping. The common operating temperature of LIBs is usually between 15 °C and 40 °C [START_REF] Wang | A critical review of thermal management models and solutions of lithium-ion batteries for the development of pure electric vehicles[END_REF][START_REF] Alkhulaifi | Improving the performance of thermal management system for electric and hybrid electric vehicles by adding an ejector[END_REF] . Adapted temperature is an important guarantee for the efficient operation of LIBs and also one of the key factors to improve the performance of the EV.

LIBs at low temperature

The performance of LIBs can be problematic at low temperatures (e.g., < 15 °C). Both the charging and discharging performance will be affected because the electrochemical reaction cannot be carried out normally [START_REF] Zhang | Charging optimization in lithium-ion batteries based on temperature rise and charge time[END_REF] . When the temperature is too low, the diffusion rate of lithium-ions in the electrolyte decreases seriously due to the increase of electrolyte viscosity, resulting in significant increase of the internal resistance. The number of lithium-ions participating in the reaction decreases, which will directly affects the electricity storage and release, leading to the attenuation of battery capacity and power characteristics [START_REF] Jaguemont | Thermal Management of a Hybrid Electric Vehicle in Cold Weather[END_REF] . Under extreme conditions, the electrolyte freezes, preventing the battery from discharging and the car from starting. For the charging of LIBs at low temperature, lithium dendrites may pierce the film, forming an internal short circuit and threatening the safety of use [START_REF] Yu-Tao | Research Development of Battery Thermal Management at Low Temperature[END_REF] . Fig. 2 shows the relationship between charging capacity and charging voltage at different temperatures. In constant current charging, the charging voltage increases continuously and rapidly to the cut-off voltage as the temperature drops. Studies show that LIBs can only be charged at -10 °C with 10 A constant current charging capacity of only 60 % of the rated capacity [START_REF] Lei | A study on the low-temperature performance of lithium-ion battery for electric vehicles[END_REF] . This irreversible capacity reduction is also related to the number of battery uses. Finally, significant temperature difference may occur in different areas (cells) of the battery pack. The uneven temperature distribution inside the battery pack will cause local degradation [START_REF] Rao | A review of power battery thermal energy management[END_REF] , accelerating the battery aging and reducing the battery lifetime. 

LIBs at high temperature

LIBs can also have performance problems at high temperatures (e.g., > 40 °C) [START_REF] Chen | Temperature rise prediction of lithium-ion battery suffering external short circuit for all-climate electric vehicles application[END_REF][START_REF] Joris | Combining an Electrothermal and Impedance Aging Model to Investigate Thermal Degradation Caused by Fast Charging[END_REF] . On one hand, lithium is chemically very reactive and burns easily. LIB pack is composed of many single LIBs in series or in parallel, so that the heat generated by the electrochemical reaction of the battery itself cannot be released in time due to the high environment temperature when the battery pack undergoes charging or discharging. A single battery cell may be overheated, resulting in the combustion, the explosion, or the escape of toxic gases (e.g., CO, C2H4, H2S, HF) [START_REF] Ouyang | A Review on the Thermal Hazards of the Lithium-Ion Battery and the Corresponding Countermeasures[END_REF][START_REF] Xiaoqing | Review of Thermal Runaway and Safety Management for Lithium-ion Traction Batteries in Electric Vehicles[END_REF] . Moreover, the short circuit may occur at high temperature due to the complicated internal power circuit structure of LIB pack [START_REF] Santoli | An overview on safety issues related to hydrogen and methane blend applications in domestic and industrial use[END_REF][START_REF] Wu | A critical review of battery thermal performance and liquid based battery thermal management[END_REF][START_REF] Lei | Thermal runaway characteristics on NCM lithium-ion batteries triggered by local heating under different heat dissipation conditions[END_REF] . On the other hand, high temperatures also affect the capacity of LIBs. Studies have shown that LIBs lose nearly 70% of their capacity after 500 cycles of discharging at 55 °C [43] . This effect greatly shortens the life of LIBs [START_REF] Al-Zareer | A novel phase change based cooling system for prismatic lithium ion batteries[END_REF] , not to mention the runaway heat that seriously threatens the human life.

All these problems of LIBs in harsh weather due to poor heating or cooling will seriously hinder the massive deployment and propagation of EVs. Finding appropriate thermal management solutions for better temperature control of LIB pack is therefore essential. The common heating and cooling methods of LIBs are described in the following sections.

Heating methods for LIBs

In order to augment the performance of EV LIBs at low temperature, the LIBs must be heated and insulated. According to different heating forms, the heating methods for LIBs can be divided into the following categories: electric heating, air heating, liquid heating, PCM heating, and other heating methods (such as Peltier effect and heat pipe).

Electrical heating

At low temperature, the viscosity of electrolyte and the internal resistance increase. Taking advantage of this property by sending an electric current through a resistance, the resulting joule effect will heat the LIBs up and make them work.

Li et al. [START_REF] Li | Researches on heating low-temperature lithium-ion power battery in electric vehicles[END_REF] have improved the performance of LIB at low temperature by heating an aluminum sheet with positive temperature coefficient (PTC) resistance wire winding. LiMn2O4 power battery with nominal voltage of 3.7 V and capacity of 35 Ah was selected as the research object. It was placed at -40 °C for 10 hours. The battery is charged by 1/3 C constant current and constant voltage at normal temperature. After charging, the battery was placed at 20 °C and -20 °C respectively to discharge at a certain rate until the discharge voltage of a single battery reached 3 V. Both simulation and experimental results indicated that the PTC heating method, can greatly improve the performance of battery at low temperature.

Lei et al. [START_REF] Lei | Preheating method of lithium-ion batteries in an electric vehicle[END_REF] have proposed the method of heating the battery by placing two wide wire metal films on the two largest surfaces of the battery. One side of the wide wire metal film was a rectangular copper film, and the other side was a certain width of continuous copper wire. A battery pack (consisting of three 35 Ah@3.7 V LiMn2O4 battery cells) with a wide wire metal film was placed in the battery box. The battery box was placed at -40 °C for 5-8 hours to achieve the thermal balance, and then the low-temperature discharge performance was tested. Heating at -40 °C and 120 W for 15 minutes was shown to be equivalent to charging and discharging at 0 °C. Jaguemont et al. [START_REF] Boulon | Characterization and Modeling of a Hybrid-Electric-Vehicle Lithium-Ion Battery Pack at Low Temperatures[END_REF] has proposed an effective LIB model suitable for thermal management of HEVs. The cells were placed in a climate chamber to recreate the climate at -20 °C, -10 °C, 0.0 °C, and +25 °C respectively. Experimental results showed that the improved electrothermal model worked well at low temperatures. Whether the high current value could accelerate the cell degeneration or not remained to be studied. The model was also applicable for the battery pack of HEVs.

Jin et al. [START_REF] Xin | Researches on Modeling and Experiment of Li-ion Battery PTC Self-heating in Electric Vehicles[END_REF] have put forward the PTC self-heating method of battery and conducted experimental tests. The slotted aluminum plate was placed between the two batteries and the PTC resistance belt was embedded into the slotted aluminum plate. The heat generated by the PTC can be quickly transferred to the battery for its heating in cold weather e.g., -36.4 °C. After the heating for 34.2 minutes, the average temperature of the battery pack raised to -20.7 °C. Nevertheless, the PTC self-heating device would increase the weight of the battery body and make the battery structure more complex. Further improvement is thus needed.

Lei et al. [START_REF] Lei | Improving temperature uniformity of a lithium-ion battery by intermittent heating method in cold climate[END_REF] have established a 3D finite element model and analyzed the temperature gradient of self-heating lithium-ion battery (SHLB). The intermittent SHLB heating method has been put forward. Their experimental results indicated that 0.1 VS 0.3 intermittent SHLB heating method (heating for 0.1 s and stopping heating for 0.3 s) could heat the LIBs well. However, the optimal interval time remained to be further studied.

Jiang et al. [START_REF] Jiang | A low-temperature internal heating strategy without lifetime reduction for large-size automotive lithium-ion battery pack[END_REF] have proposed the coupling of direct current and alternating current to heat LIBs. Firstly, the LIB pack was placed in a climate box at -20 °C for more than 10 hours to simulate the working environment of the battery in winter conditions. Then, direct current and alternating current generated by the soft switch resonant circuit were used to heat the battery. After 600 times of repeated experiments, the best heating effect was found to be achieved with AC frequency at about 754 Hz. However, the optimal ratio between the DC and AC still needs to be determined. How to maximize the heat production rate while reducing the risk of lithium-ion deposition is another research direction.

Yang et al. [START_REF] Yang | Innovative heating of large-size automotive Li-ion cells[END_REF] have proposed the concept of a full climate LIBs, as shown in Fig. 3. In addition to the usual anode, cathode and electrolyte, an activation terminal consisting of 50 micron nickel foil and insulating layer was included. The temperature of the battery pack was controlled by switching between the activation terminal and the negative terminal [START_REF] Wang | Lithium-ion battery structure that self-heats at low temperatures[END_REF] , and the heating process was monitored and characterized by the infrared thermography [START_REF] Zhang | Visualization of self-heating of an all climate battery by infrared thermography[END_REF] . An electric current was sent to pass through the nickel foil so as to generate heat. Compared with some conventional electric heating methods such as PTC, the power of the external heater must be increased in order to accelerate the heating. However, for large-sized thick batteries, local overheating may occur. At the same time, in the actual operation of EVs, the output current of the battery depends on the power demand of the driver. In this regard, it is unrealistic to heat the traditional battery with high current discharge [START_REF] Yang | Fast charging of lithium-ion batteries at all temperatures[END_REF][START_REF] Yang | Computational design and refinement of self-heating lithium ion batteries[END_REF] . Fig. 3. Schematic illustration of a conventional Li-ion cell and a self-heating Li-ion battery with multiple Ni foils inserted [START_REF] Yang | Innovative heating of large-size automotive Li-ion cells[END_REF] Ji and Wang [START_REF] Ji | Heating strategies for Li-ion batteries operated from subzero temperatures[END_REF] have proposed a method of pulse mutual heating. The entire battery pack was divided into two equal sized packs, one undergone discharging while the other charged. Their experimental results showed that the LIBs could be heated from -20 °C to 20 °C, with a capacity loss of only 5%.

Air heating

The principle of the air heating method is shown in Fig. 4. The temperature of the electric heating wire is firstly raised by the power supply from the battery. Then the electric heating wire at high temperature heats up the surrounding air by convection. The hot air enters into the battery box by the fan and exchanges heat with the battery monomer to heat the low-temperature battery to the appropriate temperature. Ji and Wang [START_REF] Ji | Heating strategies for Li-ion batteries operated from subzero temperatures[END_REF] have proposed a convection heating strategy, as shown in Fig. 5. External heating used the power output of the battery to convert electrical energy into heat through the resistance heater. The fan generated convection air flow to enhance the heat transfer between the heater and the air, and from the air to the battery. The advantage of the convective heating strategy lies in its high efficiency, but the heat conduction inside the battery pack may become a limiting factor due to the thickness of the battery cell, leading to a larger temperature gradient inside the battery. Fig. 5. Convection heating strategy [START_REF] Ji | Heating strategies for Li-ion batteries operated from subzero temperatures[END_REF] Mahamud and Park [START_REF] Mahamud | Reciprocating air flow for Li-ion battery thermal management to improve temperature uniformity[END_REF] have proposed a new method for thermal management of cylindrical LIBs by means of reciprocating airflow. Two-dimensional computational fluid dynamics (CFD) model, lumped capacitive heat model and flow network model were developed and compared. The experimental results showed that the network model was in good agreement with the 2D CFD results, which could effectively manage the temperature of the battery. The shorter the reciprocating period, the lower the temperature difference and maximum unit temperature of the system. The influence of different battery spacing on the thermal management effect remained to be further studied.

Liquid heating

Similar to air heating, the electric heating wire is firstly heated by a power source to raise its temperature, as shown in Fig. 6. The high-temperature electric wire heats then a liquid, which flows between the heating wire and the battery monomer through reserved flow channels to heat the lowtemperature battery up to an appropriate temperature. The commonly used heat transfer mediums include water, oil, glycol, acetone and so on [START_REF] Rao | A review of power battery thermal energy management[END_REF] . Compared with air heating, liquid heating has great advantages due to its higher specific heat capacity and higher heat transfer coefficient. The battery pack could therefore be more compact. It must be pointed out that the liquid heating also has some technological barriers to overcome, such as the liquid leakage problem and the design of the efficient flow network [START_REF] Xia | A review on battery thermal management in electric vehicle application[END_REF] . Fig. 6. Schematic of liquid heating Nelson et al. [START_REF] Nelson | Modeling thermal management of lithium-ion PNGV batteries[END_REF] have proposed a method of heating or cooling the battery with silicone variable pressure fluid, which is a better heat transfer fluid than air. Its thermal conductivity is greater than air, and its heat capacity per unit volume is also higher than air. However, due to the temperature difference between the heating and cooling battery, the size design of fluid channel is particularly important in order to realize the whole process of summer cooling and winter heating simultaneously.

PCM heating

PCMs include hydrated salts, stearic acid, polyethylene glycol, paraffin, graphene and phase change composites based on them. As shown in Fig. 7, PCMs can be filled inside a framework to form a new kind of composite phase change material (CPCM) in a modular manner. During battery discharge, the CPCM absorbs the heat released by the battery, rapidly reducing the battery temperature. Zhang et al. [START_REF] Zhang | Thermodynamic assessment of active cooling/heating methods for lithium-ion batteries of electric vehicles in extreme conditions[END_REF] have proposed using pentadecane (C15H31) as microencapsulated PCM slurry for battery heating. Phase change slurry cycle having high latent heat capacity is a commonly used heat transfer medium in the heat transfer process. Microencapsulated PCM slurry can be used for heating applications of EVs. The melting temperature of pentadecane is 9.9 °C. Their experimental results showed that the active heating system could keep the temperature of the battery box above 0 °C, and the battery could work at 5-10 °C. Octadecane and pentadecane are used in combination to meet summer and winter conditions respectively.

Other methods

Other methods have been used to heat LIBs, by using the Peltier effect elements or the heat pipe.

The Peltier effect or the second thermoelectric effect is known as two different semiconductors formed into a cycle. After passing through the direct current, the connection of two conductors produces heat absorption or exothermic phenomenon, forming high and low temperature areas. The Peltier element based on the Peltier effect can transfer heat from the higher end of the free electron count to the lower end. The direction of heat transfer can be changed by changing the direction of current. Troxler et al. [START_REF] Troxler | The effect of thermal gradients on the performance of lithium-ion batteries[END_REF] have used the Peltier elements to control the temperature of LIBs, as shown in Fig. 8. One end of the Peltier element was in contact with the battery, and the other end was connected with a water cooled heat sink. The battery was heated by the movement of free electrons within the Peltier elements. In order to make the heating effect more uniform, copper plate was inserted between the Peltier element and the battery. Experiments were carried out in the range of -13 °C to 55 °C. Since the Peltier effect requires a large temperature gradient, how to improve its thermal efficiency is the focus of the future research. [START_REF] Troxler | The effect of thermal gradients on the performance of lithium-ion batteries[END_REF] Heat pumps and heat pipes are also used to heat LIBs. Parekh [START_REF] Parekh | Development and Evaluation of Active Thermal Management System for Lithium-Ion Batteries using Solid-State Thermoelectric Heat Pump and Heat Pipes with Electric Vehicular Applications[END_REF] has studied three methods of thermal management for LIBs, including the simple electric heating, the heat pipe heating and the composite solid-state thermoelectric heat pump and heat pipe heating. The operating conditions of the battery from -10 °C to 10 °C have been tested. The heating effect of composite solid-state thermoelectric heat pump and heat pipe system was found to be better than that of simple electric heating or heat pipe heating. The heat pipe could make the heat distribution more uniform. However, the operating temperature range of the battery is limited. The design of thermal resistance, bypass flow and inefficient spacing still needs further study.

Short summary Table 1

Short summary of different heating methods

Author Method Condition

Heatup time

Result Notes

Li et al. [START_REF] Li | Researches on heating low-temperature lithium-ion power battery in electric vehicles[END_REF] battery cell, PTC resistance wire winding 35 W, -40 °C 25 min 0 °C poor temperature uniformity Lei et al. [START_REF] Lei | Preheating method of lithium-ion batteries in an electric vehicle[END_REF] battery pack, wide wire metal film 90 W, -40 °C 15 min the same as working at 0 °C the structure of the heating device is simple Jaguemont et al. [START_REF] Boulon | Characterization and Modeling of a Hybrid-Electric-Vehicle Lithium-Ion Battery Pack at Low Temperatures[END_REF] battery cell, high current heating Lei et al. [START_REF] Lei | Improving temperature uniformity of a lithium-ion battery by intermittent heating method in cold climate[END_REF] battery pack, intermittent self-heating heating for 0.1 s stopping heating for 0.3 s last 30 s ∆T=2-3 °C good temperature uniformity Jiang et al. [START_REF] Jiang | A low-temperature internal heating strategy without lifetime reduction for large-size automotive lithium-ion battery pack[END_REF] battery cell, direct current and alternating current 754 Hz, -20 °C 10 min 2.1 °C the structure of the heating device is complex Yang et al. [START_REF] Yang | Innovative heating of large-size automotive Li-ion cells[END_REF] battery pack, an active terminal added nickel foil heating elements added 10 s Tmax=50 °C Tmin=-28 °C rapid temperature rise local overheating poor temperature uniformity Ji and Wang [START_REF] Ji | Heating strategies for Li-ion batteries operated from subzero temperatures[END_REF] battery cell, convection heating 60 Hz, -20 °C 3 min 20 °C rapid temperature rise Complex device system By comparing different heating methods of lithium-ion batteries, it can be found that the scholars have made contributions to ensuring the normal operation of LIBs of EVs at low temperatures from multiple perspectives, such as energy consumption, heating temperature, heating rate, temperature uniformity inside the battery, simplicity of heating device structure. Table 1 briefly summarizes the various heating methods used for LIBs. It can be found that the intermittent Self Heating LB (SHLB) method has the best temperature uniformity inside the LIBs, which is promising.

Cooling methods for LIBs

EV LIBs at high temperature must be cooled to augment the performance. Different methods have been proposed, including the air cooling, the liquid cooling and the PCM cooling technologies.

Air cooling

Air cooling is the most widely used heat dissipation method for battery packs, by directly using the wind around the moving car to conduct natural convection, or by generating forced airflow through the fan operation (Fig. 9). Natural convection has the obvious advantages of simplicity and low cost, while it also has the disadvantage of weak heat dissipation capacity due to uncontrollable wind. The forced convection by fan is more reliable and easier to maintain than the natural convection, therefore becoming a more common battery cooling method. However, a common problem for forced convection is the temperature uniformity within the cell. Researchers in various countries have conducted different optimizations to improve the temperature uniformity by taking the inconsistencies of the cell into account [START_REF] Peng | Thermal performance investigation of an air-cooled lithium-ion battery pack considering the inconsistency of battery cells[END_REF] . But due to the characteristics of air itself, its cooling effect has certain limitations. Sun and Dixon [START_REF] Sun | Development of cooling strategy for an air cooled lithium-ion battery pack[END_REF] have established a 3D battery pack thermal model based on the simplified electrode theory and combined with the experiments design model. It has been found that the geometric shape of the inlet and outlet channel plays an important role in the flow uniformity of the cooling channel, which significantly affects the temperature uniformity of LIBs. Based on the baseline z-type flow, the cooling surface area of the channel was increased by inserting ripples between the cooling plates in the battery pack (Fig. 10), thereby improving the temperature uniformity of the battery pack. The cooling efficiency of the flow channel can be increased to approximately 93%. Fig. 10. Z-flow air cooling with corrugated sheets [START_REF] Sun | Development of cooling strategy for an air cooled lithium-ion battery pack[END_REF] Chen et al. [START_REF] Chen | Cooling efficiency improvement of air-cooled battery thermal management system through designing the flow pattern[END_REF] have improved the efficiency of the air-cooled BTMS by designing the air flow circuit. In their study, the influence of the location of the inlet and outlet areas on the cooling effect was examined (Fig. 11). Their numerical results showed that the symmetrical air-cooled cooling system with the inlet and outlet located in the middle of the static chamber had higher cooling efficiency than conventional Z-type flow circuit. Further experimental validation is still needed. Fig. 11. Z-flow air cooling at different inlet and outlet locations [START_REF] Chen | Cooling efficiency improvement of air-cooled battery thermal management system through designing the flow pattern[END_REF] Chekuri et al. [START_REF] Chekuri | Three dimensional numerical validation and investigation on air cooling system of Li-ion battery used in hybrid electric vehicles[END_REF] have improved the temperature uniformity by using forced convection. The introduction of tapering inlet and outlet could reduce the battery temperature through 3D simulation of a LIB cooling system for hybrid cars. The optimization of conical inlet and outlet needs further study.

Behi et al. [START_REF] Behi | A new concept of thermal management system in Li-ion battery using air cooling and heat pipe for electric vehicles[END_REF] have proposed a method of combining air cooling with heat pipe to improve the temperature uniformity of LIB. The experimental test and simulation verification of 24 cylindrical LIBs have shown that the new method could improve the battery temperature uniformity by about 70 %.

Xie et al. [START_REF] Xie | Improving the Air-Cooling Performance for Battery Packs via Electro-Thermal Modelling and Particle Swarm Optimization[END_REF] have proposed a novel design optimization method for air passage with varying cell spacing. Different air passages between each row and each column were used instead of evenly spaced air passages. The purpose is to reduce the resistance of the local channel and improve the uneven temperature of each cell in the battery pack. By optimizing the 3P4S battery pack (three strings in parallel and four cells in each string), the maximum temperature difference can be reduced by 2 °C. However, for other combined forms of battery packs, optimization is still to be studied.

Liquid cooling

Liquid cooling is another commonly used method for the cooling of LIBs. Its principle is shown in Fig. 12. Compared with air cooling, liquid cooling is more efficient due to higher heat transfer coefficient of water [START_REF] Kim | Review on battery thermal management system for electric vehicles[END_REF] . Liquid cooling can be classified into direct cooling and indirect cooling. Direct cooling (such as liquid immersion cooling) can cool the entire battery surface, which greatly contributes to the temperature uniformity of LIBs. Direct contact liquid cooling [START_REF] Dincer | Thermal Management of Electric Vehicle Battery Systems[END_REF][START_REF] Xia | A review on battery thermal management in electric vehicle application[END_REF][START_REF] Yang | A Review of Lithium-Ion Battery Thermal Management System Strategies and the Evaluate Criteria[END_REF] is not common in automobile battery cooling system due to its high requirement on the waterproof performance of battery system, and electrical short circuit and electrochemical reaction may occur. Indirect liquid cooling (such as tube cooling, cold plate cooling with mini/micro channels, jacket cooling, etc.) has attracted the attention of many scholars due to its advantages of easier implementation and higher safety. The liquid cooling devices of cylindrical LIB [START_REF] Yates | Analysing the performance of liquid cooling designs in cylindrical lithium-ion batteries[END_REF][START_REF] Hu | A Comparative Study of Control-Oriented Thermal Models for Cylindrical Li-Ion Batteries[END_REF][START_REF] Tang | Numerical analysis of temperature uniformity of a liquid cooling Configurations for Automotive Battery Pack Thermal Management[END_REF] and plate LIB [75,76] have been proposed and studied. Usually, the cooling device is developed to be compact and light [77] , and new materials [78][79][80] are used to improve the cooling channel. Preheating is also used for liquid cooling [81] . In addition, liquid cooling can also be combined with other methods such as air cooling [82] or heat pipes [83] to create better results. At present, most of the researches focus on the optimization of cooling plates through simulation or experimental methods [84][85][86][87] . Fig. 12. Schematic of liquid cooling Shen et al. [88] have improved the air-conditioning system of traditional automobiles. A parallel plate (cold plate) was arranged on the evaporator side of the traditional automobile air conditioning system. After the refrigerant was throttled and decompressed in the expansion valve, it was directly introduced into the cooling pipe in the battery pack, and the battery directly exchanged heat with the refrigerant. The battery could be cooled from 44 °C to about 30 °C. This kind of structure doesn't change much the initial structure of EVs, and the system is relatively simple. Compared with water cooling, the refrigerant has lower thermal conductivity, thus reducing the damage to the battery caused by coolant leakage. The efficiency of the experimental research system has a higher energy efficiency ratio, but there is still some room for improvement.

Mohammadian et al. [89] have conducted a transient numerical simulation study to compare the internal and external cooling of LIBs. Internal cooling referred to the use of electrolyte as coolant to cool LIBs in the rectangular microchannels of positive and negative electrodes. External cooling referred to the cooling of LIBs with refrigerants through microchannels outside the cell. The maximum temperature and standard deviation of the internal temperature field did not decrease significantly by the external cooling. However, increasing the pumping power during internal cooling could significantly reduce the maximum temperature inside the battery and improve the temperature uniformity.

Jin et al. [90] have designed an ultra-thin minichannel liquid cold plate (LCP) to improve the traditional straight channel LCP design. In conventional straight channel LCP designs, the development of the hydrodynamic boundary layer lead to the rise of the maximum temperature and a significant increase in the temperature gradient. The ultra-thin minichannel LCP redivided the boundary layer. The discontinuity of the downstream fins caused the hydrodynamic boundary layer to redevelop at the leading edge of the downstream segment. The inclined LCP was able to maintain the battery surface temperature below 50 °C under the condition of 1240 W and flow rate smaller than 0.9 L min -1 . However, there was still some distance from the optimal working temperature of LIBs.

Darcovich et al. [91] have made experimental measurements by selecting the smaller battery and used numerical simulations to compare two liquid-channel cooling plate structures, one for an ice plate (flush with battery face) placed between each cell of the battery pack and the other for a cold plate (bottom surface of battery) placed below the battery. Experiments and simulations showed that the vertical temperature difference existed in the cold plate system while the ice plate system generally performed better, allowing the battery to be cooled to 37 °C. But the ice disk system is relatively more complex. How to simplify the design and ensure the performance is particularly important in practical applications.

Zhen et al. [START_REF] Zhen | Thermal performance of lithium-ion battery thermal management system by using mini-channel cooling[END_REF] have proposed a liquid cooling method based on micro-channel cold plate, A 3D numerical model of the method was established to analyze the influences of channel number, inlet mass flow, flow direction and channel width on the thermal performance of battery pack. The results showed that the mini-channel cold plate BTMS provided good cooling efficiency at 5C discharge. Increasing the number of channels and the mass flow at the inlet could reduce the maximum temperature and improve the temperature uniformity of LIBs.

Krüger et al. [START_REF] Krüger | Energy Consumption Of Battery Cooling In Hybrid Electric Vehicles[END_REF] have studied the indirect evaporative cooling of automobile batteries under different climatic conditions using different refrigerants (R134a and R1234yf). But the energy consumption has been greatly affected by weather and driving cycle.

PCM cooling

PCM cooling method is similar to that of heating LIBs. Appropriate PCMs should be selected according to different requirements of phase change temperature. PCMs have the advantage of requiring no extra energy and the disadvantages of relatively complex cooling structures. Many scholars have carried out numerical simulation for the cooling method of PCM to improve its cooling uniformity [START_REF] Parhizi | Analytical Modeling and Optimization of Phase Change Thermal Management of a Li-ion Battery Pack[END_REF][START_REF] Cao | Delayed liquid cooling strategy with phase change material to achieve high temperature uniformity of Li-ion battery under high-rate discharge[END_REF][START_REF] Hong | Thermal performance of direct two-phase refrigerant cooling for lithium-ion batteries in electric vehicles[END_REF] . The storage device of PCMs is also the research focus. Choudhari et al. [START_REF] Choudhari | Numerical analysis of different fin structures in phase change material module for battery thermal management system and its optimization -ScienceDirect[END_REF] have studied the influence of fin structure on the temperature uniformity of cylindrical LIBs. The structure of fin, battery and PCM is shown in Fig. 13. Simulation results showed that the i-shaped fins could have better heat transfer effect. Landini et al. [START_REF] Landini | Passive Cooling of Li-Ion Cells with Direct-Metal-Laser-Sintered Aluminium Heat Exchangers filled with Phase Change Materials[END_REF] have studied the influence of Direct-Metal-Laser-Sintered aluminum heat exchangers on the temperature uniformity of battery. PCM cooling can also be combined with liquid cooling [START_REF] Cao | Liquid cooling with phase change materials for cylindrical Li-ion batteries: An experimental and numerical study[END_REF]100] or heat pipes [101,102] to achieve better cooling performance. Fig. 13. The structure of fin, battery and PCM [START_REF] Choudhari | Numerical analysis of different fin structures in phase change material module for battery thermal management system and its optimization -ScienceDirect[END_REF] Bai et al. [103] have designed the PCM/water-cooled plate battery module from the perspective of energy saving and fluid mechanics. The factors that affect the performance of the cooling module, such as the mass flow and flow direction of the inlet, thermal conductivity, PCM melting point, were analyzed numerically. The results showed that the PCM/water-cooled plate structure could effectively cool the LIBs. The average battery temperature could be maintained at 38.5 °C. But there was still a temperature difference of more than 10 °C inside the battery pack.

Yu et al. [104] have proposed a BTMS using PCMs and cooling water as the cooling device to control the temperature of LIBs. Specially, the graphite sheets were adopted to improve the thermal conductivity of the PCMs, leading to a better temperature uniformity. The effectiveness of this BTMS was verified by a 3D numerical simulation of LIB module. The maximum temperature difference could meet the demand only when 3 water cooling tubes worked together. A temperature difference of 6-8 °C still existed at both ends of the battery pack.

Lei et al. [105] have proposed a BTMS integrating PCM, heat pipe and spray cooling, which can maintain the thermal stability of LIBs in different environment. A battery pack is formed by two LIBs connected in parallel, and a sintered copper-water heat pipe is sandwiched between them. The battery pack was placed in an acrylic box and the chamber was filled with PCM. The battery heat generated during the day would be stored in the PCM. When the battery temperature continued to rise, the battery heat would be transferred via a heat pipe from battery surfaces to its condensation end, and the water spray was carried out intermittently. When the temperature was cold at night, the latent heat stored in the PCM would be released, protecting LIB from low-temperature degradation in its performance and damages in its materials. The method could significantly improve the working temperature environment of LIBs, but the cooperation of multiple systems made the structure of the LIBs huge and complex. Sun and Dixon [START_REF] Sun | Development of cooling strategy for an air cooled lithium-ion battery pack[END_REF] battery pack, improve the cold plate different materials for cold plate Tmax=33.8 °C ∆T=1.9 °C Z type corrugated sheets better Chen et al. [START_REF] Chen | Cooling efficiency improvement of air-cooled battery thermal management system through designing the flow pattern[END_REF] battery It can be found that researchers have made contributions to ensuring the normal operation of LIBs of EVs at high temperatures from multiple perspectives, such as cooling temperature, cooling rate, temperature uniformity inside the battery, and the matching of cooling device with the air conditioning system of EVs. Table 2 provides a brief summary of commonly used cooling methods for LIBs. The combination of PCM and cold plate cooling method is promising. It can not only maintain the temperature of LIBs in the operating range, but also improve the temperature uniformity of the LIBs.

Short summary

Conclusion and prospects

The problem of low/high temperature of LIB must be solved for the better development of EVs. Since EVs need to be used steadily throughout the year and the climate environment varies greatly in different regions, the working environment of LIBs for EVs is quite complex. A way to maintain the operating temperature of LIBs for all climates is particularly needed. In the current study, different methods proposed to improve the low temperature performance of LIBs have been summarized including the air heating, the liquid heating, the electric heating, the PCM heating and other heating methods. On the other hand, different methods have also been proposed to improve the high temperature performance of LIBs based on air cooling, liquid cooling and PCM cooling. The air heating/cooling method requires fans, air ducts and other accessories. The whole system is relatively large and the heat transfer efficiency is low. Liquid heating/cooling avoids the installation of the fan, air duct, but requires pumps, pipes and other accessories instead. The use of liquid greatly improves the heat transfer efficiency, but the liquid leakage is always a big risk. Electric heating is relatively simple and efficient, and therefore becomes the most common heating method. However, it may lead to uneven battery pack temperature and reduce its lifetime. In addition, PCMs are also a good choice for the thermal management of LIBs, for both winter heating and summer cooling if appropriate PCMs are employed.

A number of prospects could then be summarized as the directions of future research: 1. Adapted methods to maintain the stable and uniform temperature of the battery pack.

2. Compatible heating and cooling system of the battery with the air conditioning system of the vehicle, and the unified thermal management of the vehicle with rational use of resources.

3. Modification of the electrolyte of LIBs to change its electrolyte composition, so as to fundamentally improve the low-temperature performance of LIBs.

4. The aging effect of battery by the thermal management still needs to be studied. 
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