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Abstract: This paper reports the performing parameters for 

the evaluation of Electric Vehicles (EVs). This paper 

examines the factors that affect the performance of Electric 

Vehicles, with a particular focus on how weather conditions, 

torque, and Battery Management Systems (BMS) influence 

their efficiency. Extreme weather, both hot and cold, can 

significantly impact battery performance. The study also 

investigates how torque, a key factor in driving dynamics, 

changes under various conditions and how it affects motor 

performance. The limitations of current EV technology, such 

as battery degradation, limited charging infrastructure, and 

performance issues in extreme climates, are also discussed. 

This paper also explores the potential for future 

advancements in EV technology, which could address 

existing challenges and enhance overall vehicle 

performance. 

 

Introduction 

 

In this modern era, world is facing carbon emission problem 

that is mounting environmental challenges, including air 

pollution, rising greenhouse gas emissions, and fossil fuels 

dependency. Increase in the sale of vehicles is the major 

reason and largest contributors to air pollution and 

greenhouse gas emissions[1]. It also creates a significant 

financial and geopolitical risk. Electric vehicles (EVs) as a 

solution to combat air pollution reduce the dependency on 

petrol and diesel. It may acts as a biggest contributor to a 

clean environment and better future. So, these vehicles are 

becoming increasingly popular due to their environmental 

benefits, lower operating costs, and advances in technology. 

 

A Vehicle with benefits 

 

Nowadays, a significant degradation of air quality and high 

levels of pollution has been witnessed in cities. The EV 

industry has emerged as one of the most relevant alternatives 

to fossil fuel based vehicles as it has environmental benefits. 

EVs have lower carbon emissions compared to traditional 

vehicles. EVs are also helpful in economic growth of the 

nation as this sector has the potential to create jobs, 

stimulate local manufacturing, and encourage innovation 

[2]. With adaption of EVs, there will be reduced vehicular 

emissions that results in better air quality, which in turn, 

reduce health issues, related to the air pollution-related 

diseases such as asthma, heart disease, lung cancer and other 

health issues. 

 

Limitations and Challenges 

 

There are a number of challenges related to the electrical 

field that impact their performance, cost, and adoption.  The 

initial cost of electric vehicles is high due to the high price 

of lithium-ion batteries and precise power electronics 

components such as traction motors. EVs are expensive that 

limits their adoption in price-sensitive customers. 

Consumers may be reluctant to switch to EVs when the 

upfront cost is significantly higher, despite the long-term 

savings on fuel and maintenance. Since there is a lack of 

sufficient and widespread charging infrastructure, charging 

of EVs remains one of the most significant hurdles. 

Consumers are also concerned about the time it takes to 

charge the vehicle compared to refueling a traditional car. 

EV batteries have a limited lifespan, and improper disposal 

can lead to environmental pollution and resource wastage. 

Another parameter is battery efficiency and energy density. 

Lithium-ion batteries are the most common type of batteries 

used in EVs. These have relatively low energy densities 

compared to other fossil fuels which limit the driving range 

of electric cars. Battery systems can suffer from energy loss 

during charging and discharging. This can reduce overall 

efficiency. Moreover, the repeated charging and discharging 

cycles causes significant degradation of the battery 

performance will leads to a decrease in the range of driving 

and overall battery lifespan. Battery performance can 

degrade in extremely cold or hot climates. Low temperatures 

can reduce battery efficiency, while excessive heat can lead 

to thermal runaway or accelerated degradation. High-

capacity batteries are beneficial but it adds considerable 

weight to electric cars which increases the energy required 

for propulsion and reduces the overall efficiency of the 

vehicle. 

Electric motors in EVs produce heat, especially when the 

vehicle is accelerating rapidly. Power electronics, such as 

inverters and converters, also generate heat. So, the heat 

dissipation is a challenge for maintaining performance and 

preventing thermal damage. Power electronics components 

such as semiconductors, capacitors, and diodes are subject to 

extreme electrical stress. Over time, this can lead to 

degradation and failure of these components. The efficiency 

decreases in high-load scenarios like quick acceleration or 

steep inclines, as it requires more power to be drawn from 

the battery. 
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High-voltage electrical systems in EVs, especially when 

combined with inverters and other power electronics, can 

emit electromagnetic radiation, potentially interfering with 

nearby electronic devices. This can even create safety 

concerns. EV batteries, especially lithium-ion batteries, are 

vulnerable to thermal runaway, which can cause fires or 

explosions if damaged or improperly handled. It raises 

safety concerns. Battery Management System (BMS) needs 

to balance the charge across all battery cells[3]. If the BMS 

fails to perform this function accurately, it can lead to 

capacity degradation, uneven battery performance, or even 

overheating. 

 

Effect of weather conditions on the performance of 

Electric Vehicles 

 

Electric vehicles (EVs) in areas with extreme cold, 

especially regions prone to heavy snowfall and freezing 

temperatures, face several specific challenges related to their 

performance, safety, and efficiency.  Cold weather can affect 

various components of an EV, such as the battery, motor, 

and overall driving range[5]. In areas with low temperatures, 

the chemical reactions inside lithium-ion batteries slow 

down, leading to a significant decrease in battery 

performance. This can reduce the vehicle's driving range by 

20% to 35% in extremely cold weather. It can also slow 

down the charging process. This can lead to longer charging 

times. Batteries need to warm up to a certain temperature to 

accept a charge efficiently. Moreover, more energy is 

required to keep the vehicle’s battery at an optimal 

temperature, and more energy is also consumed by auxiliary 

systems like the heater or battery pre-conditioning system 

which further put effect on driving range. 

For higher performance, EVs also requires more 

sophisticated thermal management systems. Interior Heating 

is must in cold weather areas; EVs rely entirely on electrical 

energy to heat the cabin[4]. Electric defrosters, which are 

critical in snowy conditions, also require so it also increase 

the electric energy demand. The tires on EVs, like all 

vehicles, are crucial for safe driving in snow and ice. EVs, 

however, tend to be heavier due to the battery pack, which 

increases the load on the tires and can negatively impact 

traction on slippery surfaces. Cold weather affects the 

performance of electronics components. It may have 

reduced reliability of some components in extreme 

temperatures. Repeated exposure to freezing temperatures 

can accelerate battery wear over time.  In cold weather, 

regenerative braking (which recovers energy during braking) 

may not work as efficiently. This could reduce the overall 

energy regeneration, meaning more energy is used for 

braking, and less is recaptured into the battery. Snow and ice 

reduce tire traction, which can make driving more difficult. 

In EVs, where the weight of the battery is often distributed 

more evenly across the chassis, this could result in better 

balance and stability on slippery surfaces compared to 

traditional gas-powered vehicles. However, the sheer weight 

of the battery can sometimes lead to reduced grip on ice, 

especially with non-optimal tires. Charging cables and 

connectors can become stiff in very cold temperatures, 

making them harder to handle. Additionally, some older 

charging stations may not be equipped to handle the 

demands of extreme cold, potentially slowing down the 

charging process. Cold weather causes the air in tires to 

contract, lowering tire pressure. This can result in higher 

rolling resistance, reducing the vehicle's overall efficiency 

and range [6].  

Hot weather doesn’t have the same dramatic impact as cold, 

but it can still influence EV performance. High temperatures 

can cause the battery to overheat, which may reduce its 

lifespan or performance. Modern EVs have thermal 

management systems to regulate battery temperature, but 

extreme heat can still pose challenges. In hot weather, more 

energy is required to cool the cabin, which can also reduce 

the vehicle’s overall range. Air conditioning systems can 

drain the battery significantly. High heat can cause a drop in 

the efficiency of the battery. In extremely hot climates, EVs 

may experience a decrease in range and energy consumption 

due to both cooling systems and battery efficiency losses. 

Tire pressure can increase as the tires heat up. If the tires are 

overinflated, it can lead to a harsher ride and reduced 

traction, which can affect handling and safety. 

In rainy conditions, driving an EV in wet conditions or 

heavy rain can affect its performance in a few ways. In wet 

conditions, regenerative braking may not be as effective, 

especially if the roads are slick. This means less energy is 

recovered during braking. Wet weather and rain can increase 

rolling resistance, leading to slightly reduced efficiency and 

range. EVs, like all vehicles, need good tire grip on wet 

roads. However, EVs often have a heavy battery pack, 

which can lead to a better weight distribution; giving them a 

slightly better grip compared to internal combustion engine 

vehicles. However, excessive rain can still reduce traction, 

affecting stability. 

Strong winds increase the air resistance the vehicle 

encounters, which means the motor has to work harder to 

maintain speed, reducing range[7]. Strong crosswinds can 

affect the stability and handling of the vehicle, especially 

since EVs are often heavier than their gasoline counterparts, 

but more susceptible to wind-induced sway due to their 

larger surface areas and lack of an engine to counterbalance 

the forces. 

 

Impact on EV performance 

 

Recent studies have shown that cold temperatures cause a 

significant decrease in the range of EVs. The reduction in 

range of EVs can range between 20% to 35% in extreme 

cold (around -10°C to -20°C). This occurs because the 

battery chemical system is less efficient at lower 

temperatures, leading to reduction in energy storage and 

output. In some studies, batteries show a permanent capacity 

loss of 10-15% over several years of use in cold climates, 
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compared to only 5-7% degradation in more temperate 

regions. 

High temperatures can cause the internal resistance of the 

battery to increase, reducing the amount of energy that can 

be stored and released, which can reduce the range. 

However, the effect is more gradual over the time. 

Temperature above 30°C may reduce driving range by 5-

10% over the time. Heat levels increases the degradation of 

lithium-ion batteries. The rate of degradation can be approx. 

double for every 10°C increase in temperature above the 

optimal operating range (20-25°C). 

Winter tires significantly improve the handling of EVs in 

snowy weather conditions. Winter tires can reduce skidding 

and increase traction by up to 20-30% compared to all-

season tires. Snow, wet roads, and even higher rolling 

resistance from snow buildup on the tires can cause 

increased energy consumption. This can reduce an EV's 

efficiency by 5-10% compared to dry or clear roads. In cold 

weather conditions, the battery requires more energy to 

operate due to reduced chemical activity in the cells. In hot 

conditions, the vehicle may consume extra energy for 

battery cooling and air conditioning[8].  

The torque produced by the motor is directly linked to the 

power output required to accelerate the vehicle or maintain 

speed. The electrical energy consumption from the battery is 

dependent on the power demand, which in turn depends on 

the torque that the motor produces. The power (P) produced 

by the motor is the result of torque and rotational speed 

(angular velocity ω): 

P = T × ω      Where:  T = Torque (in Nm),   ω = Angular 

velocity 

As the torque increases, the motor demands more power 

from the battery. When torque is lower, the power demand 

from the battery is less. As torque increases, the motor 

requires more power. This power is derived from the battery 

to maintain the required acceleration or speed. Battery 

Energy Consumption (kWh/100 km) increases as torque 

increases, because more power is needed to keep the motor 

running at higher loads. 

The electrical energy consumption from the battery is how 

much power the motor needs to draw from the battery over 

time to maintain performance. This is typically measured in 

kWh/100 km. it means how much energy the vehicle 

consumes to travel 100 kilometers. 

The graph shows the effects of temperature on battery 

energy consumption at different torque levels. The three 

different temperature conditions are Cold Weather (-18°C to 

0°C), Mild Weather (10°C to 21°C) and Hot Weather (29°C 

to 40°C). 

 
Figure 1: Battery Energy Consumption vs. Torque at Weather 

conditions 

 

It is clearly observed from the graph, in cold conditions, the 

energy consumption increases because the battery is less 

efficient, and additional power is required for heating the 

cabin and possibly pre-conditioning the battery. In mild 

Weather, this is the baseline where the battery is operating at 

its most efficient. Energy consumption is lower for the same 

torque compared to cold or hot weather. In hot Weather: 

While the battery itself is still efficient, the vehicle may use 

additional energy for cooling the battery and the cabin (if air 

conditioning is used), leading to slightly higher energy 

consumption compared to mild weather. 

In addition, At higher speeds, an EV's drag force 

(aerodynamic resistance) increases, which in turn requires 

more power from the battery. When the vehicle is traveling 

at high speeds, the torque needed to overcome aerodynamic 

drag increases, and as a result, energy consumption rises. 

Thus, adding speed as a factor will allow us to analyze how 

it interacts with torque, temperature, and battery energy 

consumption. As vehicle speed increases, the power 

consumption rises due to increased aerodynamic drag, and 

as a result, more energy is required. Energy consumption 

increases with speed, as maintaining higher speeds requires 

more power to overcome drag and maintain the vehicle’s 

motion. This is true for all torque levels. The temperature 

effects remain consistent, but the energy consumption due to 

speed is amplified in cold weather because the battery is less 

efficient at lower temperatures. Speed and energy 

consumption are strongly linked, with higher speeds leading 

to more power required. This is due to increased drag at 

higher speeds. 

 

Future of EVs 

Researchers must focus on developing more robust power 

electronics and control systems that can better handle the 

demands of EVs. For cooling purpose, there should be better 

thermal management system to keep power electronics and 

battery packs at optimal operating temperatures. 

Enhancement of electronics is also required with better 

shielding to reduce EMI and interference with other vehicle 

systems. Reduction in cost of battery is need of an hour. 

There should be a facility of battery swapping, more 
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availability of charging infrastructures. Advanced heat 

pumps, which are more efficient than traditional electric 

heaters, can be used to maintain cabin warmth with less 

energy consumption. 

Advances in battery technology, particularly lithium-ion 

batteries, have played a pivotal role in the affordability and 

viability of EVs. With significant reductions in the cost of 

batteries over the past decade, the overall cost of EVs has 

also come down. Solid-state batteries offer higher energy 

densities, faster charging times. They provide a greater 

safety as they are less flammable. Lithium-Sulfur and 

Lithium-Air Batteries could offer higher energy densities 

than lithium-ion batteries. So this enables longer driving 

range and reduction in the need for larger battery packs. 

New advancements in field of battery structure, power 

electronics, charging infrastructure, sensor technology, and 

software integration are required.  

Sodium-ion batteries are similar to lithium-ion batteries but 

use sodium is abundant and inexpensive. It has lower cost 

due to the abundance of sodium and the cheaper raw 

materials involved. But it has lower energy density than 

lithium-ion batteries, which could limit their range in EVs. 

Efficiency and performance are less than that of lithium-ion 

technology. 

Battery recycling will play a critical role in reducing the 

environmental impact of EVs by reusing materials and 

reducing waste[9]. By developing efficient methods for 

recycling and reusing old EV batteries can reduce waste, 

lower costs, and alleviate supply chain pressure on critical 

materials like lithium, cobalt, and nickel. More advanced 

BMS systems could improve the accuracy of cell balancing, 

thermal management, and charging/discharging algorithms, 

which can enhance overall battery lifespan, safety, and 

performance. Silicon carbide (SiC) and gallium nitride 

(GaN) are wide-bandgap semiconductors that operate at 

higher temperatures and efficiencies compared to traditional 

silicon semiconductors.  

By increasing the operating frequency of inverters, 

engineers can reduce the size of passive components like 

capacitors and inductors, making the overall system more 

compact and efficient[10]. Wireless or inductive charging 

technology allows for charging without physical connectors. 

Advances in AI and machine learning are expected to make 

BMS smarter, improving battery life and efficiency. 

 

Conclusion 

This paper demonstrates the effect on performance of 

electric vehicles for different parameters. Electric vehicles 

face some challenges in snowy and cold climates such as 

reduced range, slower charging, and the impact of snow and 

ice on traction. Overall, the most significant impact of 

weather on EV performance is seen in extremes of 

temperature—cold weather generally reduces range and 

efficiency, while hot weather can affect the battery’s 

longevity and efficiency. The key to optimizing EV 

performance in various weather conditions is using energy 

management systems and being mindful of the energy 

demands associated with heating, cooling, and driving in 

adverse conditions. There is a need for widespread 

deployment of charging stations in both urban and rural 

areas, particularly in smaller towns and highways. The need 

for efficient and sustainable methods to recycle EV batteries 

becomes more critical. With advancements in battery 

technology and vehicle design, EVs do better in the harsh 

conditions especially in the snowfall areas. EVs equipped 

with advanced features and technologies will help mitigate 

these issues. 
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