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Abstract. The rapid global expansion of electric and hybrid vehicles has increased the importance of improving their 

operational efficiency under diverse climatic conditions. In hot and arid regions, particularly in Central Asia, elevated 

ambient temperatures have a significant impact on the performance, durability, and energy efficiency of battery packs, 

electric motors, and power electronic systems. This study presents a comprehensive and comparative analysis of the 

operating modes of electric and hybrid vehicles under high-temperature conditions, focusing on battery load characteristics, 

engine energy indicators, and overall energy consumption. The research examines the effects of thermal stress on 

commonly used lithium-ion battery technologies, including lithium iron phosphate and lithium cobalt oxide batteries, under 

various driving regimes. Experimental and analytical results demonstrate that battery discharge capacity, internal resistance, 

and energy efficiency are highly dependent on temperature variations, especially during urban driving cycles with frequent 

acceleration and deceleration. In addition, the stability of electric motors and power electronic components at elevated 

temperatures is evaluated, and the potential role of supercapacitors in reducing peak battery loads and improving energy 

utilization is investigated. The findings show that the implementation of optimized thermal management systems, adaptive 

energy control strategies, and appropriate selection of battery chemistry, combined with auxiliary energy storage solutions, 

can significantly reduce energy losses and extend vehicle range in hot climatic environments. The results provide practical 

recommendations for enhancing the performance, reliability, and service life of electric and hybrid vehicles operating in 

regions with high ambient temperatures. 

INTRODUCTION 

As a result of the consistent introduction of green technologies in the sectors of the economy, including the 

transport sector, the corresponding infrastructure is also developing. This is a positive and global trend. In order to 

actively introduce green technologies in all sectors, reduce the amount of harmful gases emitted into the atmosphere 

by supporting the production of electric vehicles and their components, a document “On measures to support the 

organization of the production of electric vehicles by the state” was signed, which set out the relevant tasks. A number 

of measures were established to support the production of hybrid and electric vehicles, provide incentives for imported 

components, raw materials, equipment and technological equipment, including spare parts for servicing. 

One of the important factors in the increase in demand for electric vehicles in 2020-2030 is that the environment 

has its own path to reducing toxic gases, that is, emissions, which is one of the global environmental problems. 

Therefore, the demand for electric vehicles is growing every day in the world. Analysis of reports from the 

International and National Centers for Economic Research and Reforms shows that the active development of the 

segment of various electric vehicles is noticeably increasing compared to previous years. This trend is clear proof that 
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not only on an international scale, but also in the countries of Central Asia, in particular in the republics of Uzbekistan 

and Kyrgyzstan, during 2021-2025, the popularity of this type of transport among the population has increased several 

times compared to popular cars with internal combustion engines [1][2][3][4]. 

 

 

FIGURE1. EV Global Market Sales Trends In BYD And Tesla 

Date: BYD, Tesla's IR Data (2023), Note: BYD's EV sales do not include PHV 

 

The number of people using electric vehicles is expected to increase in the future. [6][7] Thus, in different climatic 

regions of the world, it may be considered natural for people who prefer this type of transportation to want convenience 

and long-distance travel in turn. 

 

 

FIGURE2. EVs quantity in the region 



EXPERIMENTAL RESEARCH 

Advantages of electrically driven vehicles. Electrically driven vehicles are divided into these classes according to 

their production, which include battery electric vehicles (BEV), combined hybrid electric vehicles (PHEV), hybrid 

electric vehicles (HEV), and fuel-electric vehicles (FCEV), each of which has separate operational characteristics 

[11][12][13]. Across Central Asia, battery-powered and hybrid electric vehicles are widely popular. Regardless of 

their type, they have common parts. The main components include a battery and battery, a charging port, a DC 

converter or inverter, an electric motor, a side charger, a voltage and force electronic controller, a heat cooling system, 

and an electric drive [11][12][13]. One of the main advantages of electric vehicles is that they do not produce toxic 

and harmful gases while driving. At the same time, the absence of excessive noise, ensuring calm movement, is an 

important feature of automobiles with internal combustion engines [14][15][16]. 

 

FIGURE 3. Subsystems of EVs 

 

Main disadvantages of electric vehicles. According to the analysis of researchers, in most cases, due to certain 

types of problems in electric vehicles, it is noted that they arise due to the connection of the used batteries with energy 

reserves according to their characteristics. This, in turn, requires us to pay attention to increasing their demand for 

energy storage and optimal energy use [17][18][19]. Due to the uneven distribution of climatic conditions on Earth, 

one of the ways to reduce these causes is to conduct various analyses of vehicles used in one region before operating 

in another region. After all, it is natural that the loss of electricity and the internal resistance of the materials used in 

regions with a hot climate differs from the losses of countries moving in temperate weather. Therefore, research on 

the properties of the materials used, the cooling system, and control devices is one of the necessary factors for 

achieving high efficiency [20][21][22][23]. 

Electric vehicles, regardless of their type, consist of similar basic devices that perform the main function. The 

battery block, which is the main source, in addition to the constant supply of electricity to all main and auxiliary 

devices, receives an electric motor voltage to overcome various loads imposed by the driver, stability, and variability 

encountered by the vehicle on the road. These forces are constant, not only synchronous, but also different, causing 

different amounts of electrical energy to be consumed.  As a result, in triband urban conditions, where the excitation 

movement is frequently repeated, energy consumption is somewhat higher [17][18][19][20][21]. Therefore, the stable 

operation of the cooling system in hot climates or the optimal use of battery packs in various warehouses serves to 

increase the power reserve [22][23]. 



RESEARCH RESULTS 

Li ion-type batteries are more widely used in electric vehicles [1][2]. Analyses show that this type of battery has 

an average temperature range for normal heat operation, and the influence of hot or cold temperature fluxes on its 

results. Taking into account discharge efficiency and cycle duration, the operating temperature of lithium-ion batteries 

is around 10-40 °C [1][2][3]. It has been shown that the operating modes of electric motors are stable at a temperature 

of 40 °C [1][2]. Below are the graphs of these cases. 

 

TABLE 1. Influence of temperature on the discharge capacity (1C) of a lithium iron phosphate battery [27]. 

 
 

 

FIGURE 4. Discharge capacity of a lithium iron phosphate battery at different temperatures. 

 

As can be seen from this table and diagram, at high temperatures, the energy storage capacity of lithium-iron 

phosphate batteries changes with increasing temperature, but at 60°C it approaches nominal values. In Central Asia, 

not only in the summer months, but also in late spring and early autumn, the air temperature is warmer than in other 

regions [32]. 

 

 

 

 



TABLE 2. Influence of temperature on the discharge capacity (1C) of a lithium cobalt oxide battery [28]. 

 
 

 

FIGURE 5. Discharge capacity of a lithium cobalt oxide battery at different temperatures.  

 

The energy storage capacity of lithium cobalt oxide batteries changes even with increasing temperature based on 

relatively small indicators, remaining close to nominal values even at 60°C. During the charging mode of an electric 

vehicle, when the temperature of the battery block increases by several indicators [33-36], the use of the 

aforementioned battery type is likely to contribute to increasing the energy capacity. 

CONCLUSIONS 

This study investigated the optimization of operating modes for electrically driven vehicles under hot climatic 

conditions, focusing on the interaction between battery packs, electric motors, and varying load regimes. The analysis 

confirms that elevated ambient temperatures have a substantial impact on battery discharge characteristics, energy 

storage capacity, and overall vehicle efficiency. Lithium-ion battery technologies demonstrate different thermal 

responses, with lithium cobalt oxide batteries showing greater stability in high-temperature environments compared 

to lithium iron phosphate batteries. 

The results highlight that frequent start–stop driving cycles in urban conditions increase energy consumption and 

thermal stress on battery systems, emphasizing the importance of effective cooling and thermal control strategies. 

Maintaining battery operating temperatures within an optimal range of approximately 10–40 °C is critical for 

preserving discharge efficiency and prolonging cycle life. Furthermore, the stable operation of electric motors at 



temperatures up to 40 °C suggests that coordinated thermal management between battery packs and drive systems can 

enhance overall system reliability. 

In conclusion, the implementation of adaptive energy management algorithms, advanced cooling systems, and 

climate-oriented battery selection can significantly improve the operational efficiency and range of electric vehicles 

in hot regions. These findings provide a scientific basis for the development of region-specific design and operational 

strategies, supporting the sustainable expansion of electric mobility in countries with extreme climatic conditions. 

In addition, the following general conclusion can be reached - that when using electric vehicles in hot climates, it 

is necessary to implement the following tasks to increase their mobility reserve: 

1. Determination of the types of accumulator batteries suitable for a hot climate; 

2. Research of the cooling system and development of the nominal temperature regime; 

3. Application of the resistance of batteries to various rapidly changing loads; 

4. Improvement of additional devices or cooling systems, taking into account the possibility of overheating of the 

electric motor. 

By refining these results, we can optimize the current power state. 
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