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ELECTROMOBILITY AND FIRE RISKS 
Jozef Svetlík1Milan Konárik2 

Abstract:Electromobility represents one of the most developing industries. The implementation of European 

regulations and the reduction of emissions put pressure on car companies to increasingly redirect their 

production to environmentally friendly ones. The advent of new technologies presents new risks. The 

contribution is devoted to electromobility and fire risks arising from the operation of not only electric cars, but 

also other means of transport that use LiOn batteries, such as electric scooters, electric bicycles and others. It 

describes the critical areas that need to be responded to from the point of view of risk analysis and liquidation of 

emergency events such as fire or traffic accident. 
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1. INTRODUCTION 

Nowadays, electromobility is a very often inflected term, and even in Slovakia we can 

often meet various means of transport with electric drive. Currently, the development of 

electromobility is part of the plans of several cities and it is successful. It is therefore possible 

to expect a growing tendency of this phenomenon and thus it is very important to become 

familiar with the fire risks that result from the use of individual electrical components or 

electrical units. We encountered the first fire risks when charging electric children's cars or 

electric scooters, where improper charging caused a fire or an explosion of the battery, which 

resulted in damage to health or property. Based on the published contributions [1],[2] it is 

necessary to pay attention to the individual risks of operating electric vehicles powered by 

batteries, and to propose acceptable solutions for the liquidation of emergency incidents of 

these means of transport. 

2. ELECTRIC MEANS OF TRANSPORTATION 

Electric vehicles are a pioneer in today's transport. They are a full-fledged part of 

transport, especially in cities. The term electric means of transport refers to means of transport 

whose drive unit is an electric motor - an electric motor. We can thus talk about electric 

scooters (e-scooters), electric bicycles (e-bike), electric motors or electric cars (Fig. 1). The 

same goes for electric buses or electric trucks. 
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Figure 1 Electric vehicles [author] 

Electric means of transport in the form of scooters or bicycles are constantly increasing 

and becoming part of transport. They find their use mainly in cities, where their users save 

time when moving and at the same time the environment. Currently, the most widely used are 

lithium-ion batteries (Fig. 2), which, despite their small size and light weight, can store a 

relatively large amount of electrical energy.  

 

Figure 2 Lithium-ion battery [3] 

The downside of this technology is its susceptibility to damage in the event of improper 

handling, be it exposure of the battery to extreme temperatures below freezing or sunlight. 

However, the temperature is not only affected by the weather factor, but also by the use of an 

unsuitable charger, which can heat the battery beyond the permissible level [3]. 

Electric cars are clearly the biggest topic of today's automotive industry. Everything 

points to the fact that they will be an integral part of automobile transport in the near future. 

Electric vehicle (abbreviated EV, from the English Electric Vehicle) is a very broad term 

and in its broadest sense includes any vehicle that uses electricity for its propulsion. Electric 

cars can be divided into: 

 Battery electric vehicles (BEV, from English Battery Electric Vehicles) 

 Hybrid electric cars (HEV, from English Hybrid Electric Vehicles) 

 Electric cars with fuel cells, today almost exclusively on hydrogen (FCEV, from English Fuel 

Cell Electric Vehicles) 

Battery electric vehicles (BEVs) use only electric motor(s) for propulsion, they obtain 

electricity primarily from charging stations and store it in batteries. 

Electric car - BEV type electric car (Battery Electric Vehicle) is a car that is driven 

exclusively by electric energy. It draws it from the accumulator integrated in the vehicle, 

which must be charged from an external source - a charging station. Unlike them, hybrid 

electric cars also have an internal combustion engine, which drives a generator to produce 

electricity if the battery is discharged. A very simplified diagram of the drive of a hybrid 

vehicle is shown in Figure 3. 



8TH INTERNATIONAL SCIENTIFIC CONFERENCE  

SAFETY ENGINEERING 

 

65 

 

 

Figure 3 Scheme of Hybrid Electric Vehicles[4] 

The drive unit of an electric car is an electric motor - an electric motor (Fig. 4) 

 

 

Figure 4 Drive unit – electric motor [5] 

Its advantage is its simple design and efficiency, which is on average 90% higher than 

that of combustion engines. The overall efficiency is also affected by the efficiency of the 

battery and charging. 

In modern electric cars, the accumulators are mounted in the floor, so they do not take up 

any usable area (Fig. 5). Thanks to this, the center of gravity is lowered, which has a great 

impact on the stability and safety of the electric car [5]. 

 

Figure 5Storage of accumulators in the floor [5] 
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3. FIRE RISKS ASSOCIATED WITH ELECTROMOBILITY 

Electromobility brings with it a number of risks associated with the operation and 

maintenance of accumulators. The fire risk changes from the point of view of operation 

compared to a normal passenger car. The biggest source of stored energy (including 

combustible material - lithium) is the battery. In the case of burning lithium, it is problematic 

to extinguish with water and, due to the location of the battery, also with other extinguishing 

agents. The modern EV propulsion system is a culmination of advancements in many 

technologies used by the vehicle: 

 Rechargeable Energy Storage Systems (RESS)    

o Li-ion battery (LiB) based (present technology) 

 Electronic communications including those with the electrical grid via charging systems both 

conductive (plug-in) and inductive (non-contact) 

 Electronic controls  
o Battery Management System 

o Vehicle to propulsion system 

o  Power Electronics  
o  Motor control 

o  Regenerative Braking 

For the Rechargeable Energy Storage System (RESS), failure modes and mechanisms are 

included in 3 areas: 

1. Mechanical influences 

 Crush 

 Penetration 

 Shock  

 Vibration 

 External thermal exposure 

 Environmental Exposure 

 Chemical Exposure 

2. Control & Monitoringinfluences 

 External Short Circuit 

 Over Charge 

 Under Charge 

 Loss of isolation (internal) 

 Internal thermal control 

 Cell properties (balance)  

3. Manufacturing influences 

 Internal short circuit – non-compliance with production technology[6] 

 

Mechanical "failures" mainly occur in situations where the car is not in operating 

conditions and is subjected to extreme loads. As part of rescue operations, it is most often 

exposure to mechanical energy on the vehicle's battery during traffic accidents. Battery 

damage may not be directly visible, but is hidden in LiB containers. 

The second group consists of failures of the management and control system managing 

the LiB mode. This is a quick identification of an internal or external short circuit of the 

system, overcharging or undercharging the battery, which subsequently leads to internal short 

circuits (overheating of the battery). 
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LiB manufacturing defects represent risks caused by the manufacturing of the battery. 

Non-compliance with technology, prescribed material standards and human error are the most 

common risks. Their fulfillment will become evident already when testing the accumulator 

before its closure, which is a better case, or in the first days of real operation, which leads to 

subsequent complications and possible failures of the entire system. In extreme case of fire. 

The electronic communication system in the vehicle between individual elements and 

between the vehicle and the charging station represents the second group of risk factors that 

cause emergencies. 

The last group consists of vehicle control systems. In case of failure of any part of the car, 

they must evaluate the situation correctly and react. 

It is becoming increasingly common that self-ignition or explosions occur when charging 

the battery (Fig. 6). Most often when using the wrong (non-certified) charger. 

 

Figure 6 Battery ignition [7] 

It is less common for an electric car battery to catch fire in a traffic accident, as it is 

mechanically protected in the floor and constructed in such a way that it is really difficult to 

damage it. This means that the most common cause of fires is a malfunction of the electrical 

wiring in the electric car (loss of insulating properties of the cables). We consider the 

following to be dangerous parts of an electric car: 

 high-voltage cables – orange (fig. 7) 

 high-voltage accumulator 

 

 

Figure 7 High voltage cables [4] 
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Electric cars, regardless of brand/manufacturer, have a switch for the central high-voltage 

circuit. It can be disconnected automatically or manually. 

 Automatically when the switch disconnects the battery after impact. 

 The manual is in a visible place - a switch - mostly red. 

The use of the switch is only possible if the electric car is not burning. The switch 

disconnects the high-voltage part from the low-voltage part. Where the switch is located or 

how it is disconnected is usually shown in the plan that the electric car should contain [4]. 

In the event of an electric car fire, it is necessary to proceed with caution and deal with: 

 Find out the type and damage of the car (the high-voltage part is damaged, 

there is current on the body, the battery is damaged) 

 Turn off the ignition and disconnect the high-voltage part 

 Provide first aid to the crew in the vehicle 

 Extinguish - choose the method of extinguishing - water, sheet, other method. 

4. FIRE SAFETY OF BUILDINGS AND ELECTROMOBILITY 

In addition to the vehicles themselves, it is necessary to pay attention to other 

infrastructure where electric cars are located. The failure of individual parts of the electric car 

and the eventual necessary intervention of the rescue services represent other requirements for 

the training and training of firefighters (paramedics) and technical equipment during the 

intervention. The current infrastructure is very difficult to adapt to the demands of electric 

vehicles, both from the point of view of electricity distribution, as well as from the point of 

view of eliminating impacts in the event of an emergency such as a fire. Anyone who is 

familiar with the issue of the danger of fire and the complex fire extinguishing of electric cars 

must unequivocally confirm that allowing access of electric cars to underground and public 

garages is a big gamble. In the Slovak Republic, the Ministry of the Interior and the Presidium 

of the Fire and Rescue Service have issued guidelines on fire safety requirements in 

connection with the parking and charging of electric cars in buildings. The guidelines set out 

the minimum safety requirements in terms of fire protection when parking electric cars in 

buildings. The guideline further states that "in case of non-fulfillment of the minimum safety 

requirements in terms of fire protection, the Presidium of HaZZ does not recommend parking 

electric vehicles in buildings, from the point of view of the problematic intervention of fire 

brigades" [8], [9]. 

5. CONCLUSION 

The fire risks of electromobility force us to think about the new risks associated with a 

new phenomenon such as electromobility. Improper handling and charging of batteries for 

e-scooters, e-bikes and other similar devices can cause health damage and material damage. 

With electric cars, the risks lie in the high-voltage system and the high-voltage battery. 

Fires in electric cars have a longer fire propagation time. It is perhaps an advantage, but also a 

big problem. Due to the slowly increasing voltage and temperature in the battery of an electric 

car after an accident, it can start burning even 72 hours after the incident. Thanks to this, 

accident participants have time to safely move away from the electric car. 

Damaged high-voltage wiring can endanger not only the crew of the electric car, but also 

the rescuers. The batteries of electric cars work with a voltage of 400-800 volts. Despite these 

risks and the shortcomings of the entire application of electric vehicles, we can state that 
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electromobility has its place in transport and should significantly contribute to the 

improvement of the environment in the coming years. 

The development of intervention tactics itself is a long-term process. Firefighters respond 

late to the demands of society in case of need for intervention, and development does not go 

along with the implementation of new technologies in transport. 
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