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Photo provided by the authors of the article. Source: Guardia Civil de Tráfico (Civil Guard of Traffic).

Introduction and objecctive
As battery electric vehicles (BEV), plug-in 
hybrid electric vehicles (PHEV) and hy-
brid electric vehicle (HEV) become more 
common on our roads and cities, they are 
also included in accident statistics like any 
other car. However, they have certain cha-
racteristics that make them different from 
traditional vehicles. In this work, we will 
try to expose these singularities.

Background
Currently, there are well-proven 
protocols to deal with accidents in 
traditional internal combustion engine 
(ICE) vehicles and they are well-known 
for their safety. However, such protocols 
are not yet in place for BEV, PHEV or 
HEV cars. This is a new use of technology 
that presents multiple particularities and 
risks different from those known to date 
in the automotive industry.

Risks of intervention
The first and most important thing is to 
identify the accident vehicle/s as BEV, 
PHEV or HEV through the external 
indicators used by manufacturers. Each 
one has its own one and they may have 
been detached in the crash. Besides, 
they are not uniform among different 
brands and require some experience to 
identify them.

external identification plate, but it may 
also have fallen or can be hidden). Then, 
if possible, check if it is operating, or 
prepared to do so, in electric mode. The 
rescue card (usually at the driver’s sun 
visor, but not all carry it) must be sought. 
It is important to put the gear lever in 
the ”parking” (P) position or, at least, in 
neutral (N) position.

If you can access the dashboard, 
check if the word ”READY” appears. It 
indicates that the vehicle is in drive mode 
(under voltage). Next step is pressing the 
START/STOP button and moving away 
the key or radio frequency card at least 
five meters. Other brands replace the 
”READY” sign with a green light pilot 
on the dashboard or an ”ON”. There 
is no unique methodology among all 
manufacturers.

Mechanical risk
It is necessary to put the parking brake 
on, even if it is electric, if it is activated it 
gets locked, even if the 12-volt battery is 
disconnected. Then, you have to remove 
the ignition key and move it away more 
than five meters. If the battery is discon-
nected and the parking brake is electric, it 
will not be able to be activated again. If it 
is locked like this, it will remain so, but if 
it is unlocked, it will no longer be able to 
be used again.

In the market there are PHEV or HEV 
with an internal combustion engine, and 
the BEV. The first ones make noise when 
the conventional engine is started; the 
second ones  do not (this does not mean 
that they are not under voltage). The 
PHEV or HEV has an exhaust pipe, the 
BEV does not, but there are now electric 
cars with a diesel tank and a small heating 
boiler. As the battery is not used to heat 
the cabin, they have a greater range and 
an exhaust pipe that can be misleading.

Both will have two charging connectors, 
one for standard on-board charging and 
the other one for fast charging. HEV will 
not have any external connector, they 
are not plug-in, but they have a traction 
battery. They can be confused with ICE 
cars, with the corresponding electrocution 
risk, chemical risk, and so on.

At the time of approaching the accident, 
the protocol is similar to a conventional 
accident. However, they have a battery at a 
voltage of between 200 and 800 volts (400 
volts on average) in direct current that 
makes them different.

Generalities
The first problem that arises is that as 
it is a new technology and, therefore, 
there is not enough standardization. The 
vehicle must be identified as ICE vehicle 
or PHEV/HEV (they usually have an 



60 Técnica Industrial, marzo 2023, 334: 58-63 | doi: 10.23800/10536

Dr. Pablo Zapico Gutiérrez, José Alonso de Linaje Aguirre , José Alejandro Alonso de Linaje Díez, Ángel Carlos Rodríguez Llamas, María Zapico Gómez-Collantes 

Electric risk
Regarding the voltages used in the 
traction battery, it should be noted that 
the Spanish electrical regulation, which is 
similar to the European one in the Article 
2.1 of Royal Decree 337/2014, of May 9, 
approving the Regulation on technical 
conditions and safety guarantees in high 
voltage electrical installations and its 
Complementary Technical Instructions 
ITC-RAT 01 to 23, entitled ”Scope of 
application”, states:

”The provisions of this regulation 
apply to high-voltage electrical 
installations, understood as those 
of three-phase alternating current 
of service frequency below 100Hz, 
whose nominal effective voltage 
between phases is greater than 1kV.”

Article 2.1 of Royal Decree 842/2002, 
of August 2, approving the Low Voltage 
Electrotechnical Regulation, entitled 
”Scope of application,” says:

”This Regulation shall apply to 
installations that distribute electrical 
energy, to electricity generating plants 
for own consumption and to recipients, 
within the following limits of nominal 
voltages: 

a) Alternating current: equal to or 
less than 1,000 volts. 
b) Direct current: equal to or less 
than 1,500 volts.”

It is clear from all of this that the term 
”high voltage” used for the traction battery 
does not comply with current legislation. 
However, it does not mean the battery 
and its working voltage are not dangerous, 
especially in the case of an accident.

According to Royal Decree 842/2002, 
of August 2nd, which approves the Low 
Voltage Electrotechnical Regulation, 
safety voltages in Spain are 24 volts 
in damp or wet environments and 50 
volts in all other cases, very similar to 
those established by countries in our 
environment.

It is evident that the 12-volt battery 
does not present a risk of death by 
electrocution. In lead-acid sulfuric acid 
batteries, the lead sulphate deposits on 
their terminals are poisonous. It is toxic 
and corrosive by inhalation, ingestion, 
and contact. Besides, lead is a cumulative 
poison and continuous exposure to small 
amounts can increase the body’s content 
to toxic levels. Moreover, in the case of a 
short circuit, it can produce dangerous 
sparks and projections of melted metal 
particles. Regarding the traction battery, 
the criteria is very different. The average 

voltage is 400 volts and there are some 
that reach 800 volts. As already seen, it 
is not high voltage, because according to 
the regulation cited, it is not considered 
as such; however it is dangerous.

Almost all manufacturers use orange-
colored conductors between the battery 
and the inverter. This circuit is insulated 
from the vehicle’s chassis. If the car 
needs to be lifted, special care must be 
taken not to place supports under the 
power cables, as they can be damaged 
and cause leakage and/or short circuits. 
There are specific points under the cars 
to support jacks or lifts.

Normally, when there is a collision 
involving hybrid or electric vehicles 
and the airbag sensors are activated, 
the following safety actions are 
automatically triggered:

- The hybrid or electric system stops:
• When the impact sensors send 
signals to the Supplemental Restraint 
System (SRS) electronic control 
unit or to the Battery Management 
System (BMS) or a detection of an 
electrical imbalance.
• Each time there is an airbag 
deployment or an electrical 
imbalance that occurs, when some 
positive or negative relay of the 
traction battery is disconnected.

- The direct current flow of the high 
voltage of the traction battery pack 
is interrupted and remains open as 
a prevention of electrical energy 
leakage from the main battery.
- The fuel pump is deactivate (hybrids).
The low voltage energy that flows 

to power the SRS electronic control 
unit or the airbag serves to cut off the 
power supply to the hybrid system. 
Once the SRS is activated, resulting in 
the deployment of an airbag, the hybrid 
system then automatically stops and will 
not start again without a clear external 

Figure 1. Discharge curve of a capacitor.

action:
- Check the windshield if it has a sticker 
that identifies the vehicle with a rescue 
sheet. If the sticker is not visible, still 
check if they have a rescue card or 
similar, for example on the sun visor.
- Do not rely on not hearing noise, 
as the vehicle may be connected, 
running in electric mode and 
working with electrical voltage.
- Disconnect the ignition key, because, 
for example, if the victim has their foot 
on the brake pedal, when removing them 
and releasing pressure from the pedal, 
the car can move, since it is automatic.
It should be remembered that 

the inverter that converts the direct 
current from the battery into three-
phase alternating current has a series of 
capacitors that maintain the charge and 
they discharge slowly after the direct 
current supply is interrupted. The 
typical discharge curve of a capacitor is 
represented in figure 1.

To ensure that these capacitors are 
discharged, it is advisable to wait at least 
five minutes from the interruption of 
the electricity supply.

Never cut the power circuit’s ground 
braids; they are a safety device that 
serves to protect the occupants of the 
vehicle and the safety services. Never 
cut the orange cables at any point, since 
they are shielded and when cut with 
scissors it causes a short circuit, as it 
connects the active conductor with the 
shield or ground when cutting.

Normally, by disconnecting the 12-volt 
battery everything will be out of service 
and in a safe situation. This is the most 
recommended solution.

Finally, the existing risks and 
necessary protective measures are 
reminded. The use of protections is the 
only way to avoid injuries caused by the 
passage of electrical current. The electric
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Figure 2. Double cut signal for the cable, 

intended for firefighters.

Figure 3. Neutralization of a basic electrolyte.

depending on the materials used, 
summarized below:

oxygen or hydrogen, can be produced.
As described, the chemical species 

that we may encounter will be of variable 
nature and should be described by the 
manufacturer and their quantities. Some 
electrochemical reactions are exothermic 
in nature and can cause temperature 
increases in the cells. Pay attention to the 
safety data sheets for each compound. 
For example, the NiMH electrolyte is 
a caustic alkaline substance (pH 13.5) 
harmful to human tissues, to neutralize a 
spill of NiMH electrolyte, you could use: 

*Litmus paper is one of the oldest acid-
base indicators. It is practical, economical 
and efficient for measuring pH in an 
approximate way. Neutral litmus paper, 
in an acidic medium turns red and in 
a basic medium it turns blue. You can 
add a drop of the solution to a piece of 
paper strip or directly submerge a piece 
of paper strip in the solution. It does not 
give a quantitative value of the pH but 
meets the objective of checking if the 
initial solution (strong base) has been 
neutralized (Figure 3).

The battery module is wrapped in a 
metal box, with access only on the top. 
Never remove the cover, severe electrical 
burns, discharges, electrocution, release 
of toxic and/or f lammable gases or

chemical burns can occur.
The electrolyte of the lithium-ion 

traction battery can be a clear liquid 
and has a characteristic smell of organic 
solvent. It is a flammable solution. In 
case of leakage, it is necessary to ventilate 
the accident area. The electrolyte of the 
battery is corrosive. It causes skin burns 
and serious eye injuries in case of contact 
with these parts of the body.

To avoid breathing in the fumes, you 
must use a self-contained breathing device 
or a mask with a chemical cartridge. The 
cartridge will always be replaced whenever 
it is used, regardless of the duration of 
use. It is always important to follow the 
instructions and recommendations of 
the supplier of the personal protective 
equipment, in addition to chemical 
protection gloves and glasses (Figure 4).

In case of ingestion, inhalation, 
contact with skin or eyes, rinse with 
plenty of water as soon as possible; 
call a toxicology information centre 
and a doctor immediately. In case of 
inhalation, it should be remembered 
that the lung is an organ with 
few defence mechanisms and an 
instinctive order that compels it to 
breathe continuously. When it is faced 
with an unwanted contaminant, the first 
thing to do is coughing to try to expel it. 
In case it is already deep and since it is 
an acid, it is important to try to dilute 
it, because it can produce lung edema.

Figure 4. Safety equipment.

arc, if caused, is capable of projecting 
incandescent metal that can cause 
serious burns. Therefore, the following 
safety precautions are recommended:

- Isolate yourself at ground level to 
avoid the passage of current.
- Insulate your hands with insulated 
gloves.
- Insulate points near the work area 
that are in tension or may be so.
- Use insulated and pre-checked 
tools.
- Use f lame-retardant and closed 
work clothes (even in summer).
- Use a helmet and lowered protective 
screen (a full-face motorcycle helmet 
can be an emergency solution).
- Use f lame-retardant gloves under 
insulated gloves.
- You can only dispense with the 
insulating protections when there 
are no points in tension within 
50 centimetres of the working 
area (this criterion is only valid 
for professionals with electrical 
training).

Chemical safety
Depending on the manufacturer 
and type of vehicle, various types of 
batteries and their variants can be 
found. We indicate some of them with 
their corresponding reactions:

- Lead-acid batteries (discharge reac-
tions); sulfuric acid electrolyte

- Ni-Cad batteries; potassium hydroxi-
de electrolyte

- Ni-metalhydride, NiMH batteries; 
potassium hydroxide electrolyte; 
metal hydride anodes of complex 
stoichiometry, for example:

- Lithium-ion batteries: non-aqueous 
electrolytes (aprotic) or lithium salt 
due to the thermodynamic instability 
of lithium; mixed oxides (Co, Ni, 
Mn, …) or metallic sulphides with 
Li in cathodes and Li or carbon-Li 
materials for anodes. Complex reactions
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If someone has been exposed to an 
acidic air contaminant, it is best to go, 
without rush, but on the same day, to the 
emergency room. There they will treat 
the victim with an appropriate nebulizer, 
observe them and, perhaps, administer a 
diuretic. If the victim goes to bed instead 
of going to hospital, the situation may 
worsen due to lack of lung capacity.
For fire extinction, water will be used, 
maintaining safety distances and with a 
quick and aggressive attack. An offensive 
fire attack on a battery pack will be carried 
out by flooding the traction battery pack 
with large amounts of water. If the fire 
attack is defensive, it will be carried out at a 
safe distance, using a jet or a water curtain. 
ABC or CO2 type fire extinguishers and/
or sand can also be used. After a fire, the 
vehicle can always pose an electrical risk 
due to the presence of bare parts under 
tension and there are still chemical 
products, so access to the vehicle must be 
cordoned off.

The main battery is cooled by air in 
case of fire or overheating. Therefore, the 
location of the nozzles where air enters is 
known, and they can be used to introduce 
water in case of fire or overheating. 
However, other chemical species may 
become potentially toxic when in contact 
with water. In some models, under the 
backseat, there are hatches that, in case of 
fire, melt and let water extinguish through 
them.
Insulating footwear will always be used 
to prevent the entry/exit of current 
through the feet. Due to the strong heat 
formation, under certain circumstances, it 
is important to cool the battery and accept 
the risk of a lithium chemical reaction 
with water (in which hydrogen can be 
produced). In general, and despite some 
controversies, attempts to extinguish the 
fire with water in general have positive 
results.

Car ssumerged in water
In the case of a car submerged in water, 
the following circumstances occur: 

• There is no electrical risk when 
touching the vehicle and assisting 
the occupants, after ten minutes of 
immersion. 
• Underwater, the battery will suffer 
a rapid self-discharge, lowering its 
voltage. 
• The vehicle could still be in “ready”, 
and the power cables should never be 
cut or manipulated.
• Stay alert to always avoid skin contact

• with the liquid that comes out of 
the traction battery.
• If the vehicle is submerged in a 
closed flooded location (car park, 
garage), ventilate well the area 
before intervention.

The safety protocol should be as follows: 
1. Remove the vehicle from the water. 
2. Empty it completely (if possible). 
3. Check:

a. If it has a rescue card (usually in the 
sun visor). 

b. Put in neutral (N) or parking position 
(P) (automatic cars). 

c. Put on the parking brake. 
d. Remove the key or contact card (and 
move it +5 meters away). 

4. Locate and disconnect the 12 V battery. 
5. Locate and remove the power battery 
service connector.
Note: (if possible) 
Fill the traction battery with deionized 
water through the cooling duct, and 
remove the vehicle to an outdoor 
ventilated area (for about 72 hours) to avoid 
the risk of fire, as filling it with deionized 
water can produce hydrogen generated 
by electrolysis. It is reminded that the 
air-hydrogen mixture is flammable 
and sometimes explosive, although still 
unconfirmed.

Towing
The first thing to do is to verify which 
is its drive axle, and that it does not 
touch the ground. If not, it could cause 
a fire due to a short circuit produced by 
the electricity generated by the electric 
motor. When turning the drive wheels 
on the asphalt and moving it, it becomes 
an electric generator. If it has 4 engines, 
one on each wheel, or two, one on 
each axle, it is inevitably necessary to 
transport it on a platform crane.

In an emergency, it is possible to 
use a cable to tow short distances and 
at low speed. In general, and in case 
of doubt, the vehicle will be evacuated 
from the accident site to the workshop 
or scrap yard on a platform crane.

Conclusions
In the event of an accident or fire in an 
electric or hybrid vehicle, these are some 
of the recommendations that should 
be considered regarding the new risks 
generated:

- To limit the electrical risk of the 
traction battery, it is essential to 
disconnect the 12-volt battery.
- Avoid any contact with damaged

or porous cables, or better, with cables 
at all.
 - It should always be assumed that 

the traction battery and its associated 
components are fully charged
 - Exposed electrical components, 

cables or traction batteries pose a very 
dangerous risk of electric shock.
 - If the automatic disconnection of 

the battery has not been carried out, 
proceed to disconnect it manually
 - You cannot rely on the colour of 

the identification of the cables if 
you are not sure that the battery is 
completely disconnected.
 - Do not handle without safety 

gloves protecting above 1,000 
volts, boots, and dielectric screen 
any detached battery element 
from the vehicle or inside of it.
 - The vapers of the traction batteries can 

be potentially toxic and flammable.
 - The damages caused, both in the 

vehicle and in the power battery, can 
cause the immediate or delayed release 
of toxic and/or flammable gases and fire.

From the above, it is concluded that the 
vehicle:

 - Must be identified unequivocally 
as electric or hybrid through an 
international sign.
 - Must have a clear identification of the 

elements subjected to high tensions
 - Has to be equipped with an automatic 

disconnection device of the battery and/
or its modules and have an easily visible 
signalling system that guarantees the 
disconnection has been carried out.
 - Information about the chemical 

components of the batteries and 
their corresponding safety sheets are 
available.
 - Be equipped with an accessible and 

redundant manual disconnection 
system, in the event of failure of 
the automatic system.
 - Be equipped with an overheating 

detection system for the battery, 
which warns and, if necessary, acts 
on the automatic disconnection.
 - All of this will result in greater safety 

for the occupants, the police and 
security services that have to intervene 
and the possible public that witnesses 
the accident. 
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If someone has been exposed to an 
acidic air contaminant, it is best to go, 
without rush, but on the same day, to the 
emergency room. There they will treat 
the victim with an appropriate nebulizer, 
observe them and, perhaps, administer a 
diuretic. If the victim goes to bed instead 
of going to hospital, the situation may 
worsen due to lack of lung capacity.
For fire extinction, water will be used, 
maintaining safety distances and with a 
quick and aggressive attack. An offensive 
fire attack on a battery pack will be carried 
out by flooding the traction battery pack 
with large amounts of water. If the fire 
attack is defensive, it will be carried out at a 
safe distance, using a jet or a water curtain. 
ABC or CO2 type fire extinguishers and/
or sand can also be used. After a fire, the 
vehicle can always pose an electrical risk 
due to the presence of bare parts under 
tension and there are still chemical 
products, so access to the vehicle must be 
cordoned off.

The main battery is cooled by air in 
case of fire or overheating. Therefore, the 
location of the nozzles where air enters is 
known, and they can be used to introduce 
water in case of fire or overheating. 
However, other chemical species may 
become potentially toxic when in contact 
with water. In some models, under the 
backseat, there are hatches that, in case of 
fire, melt and let water extinguish through 
them.
Insulating footwear will always be used 
to prevent the entry/exit of current 
through the feet. Due to the strong heat 
formation, under certain circumstances, it 
is important to cool the battery and accept 
the risk of a lithium chemical reaction 
with water (in which hydrogen can be 
produced). In general, and despite some 
controversies, attempts to extinguish the 
fire with water in general have positive 
results.

Car ssumerged in water
In the case of a car submerged in water, 
the following circumstances occur: 

• There is no electrical risk when 
touching the vehicle and assisting 
the occupants, after ten minutes of 
immersion. 
• Underwater, the battery will suffer 
a rapid self-discharge, lowering its 
voltage. 
• The vehicle could still be in “ready”, 
and the power cables should never be 
cut or manipulated.
• Stay alert to always avoid skin contact

• with the liquid that comes out of 
the traction battery.
• If the vehicle is submerged in a 
closed flooded location (car park, 
garage), ventilate well the area 
before intervention.

The safety protocol should be as follows: 
1. Remove the vehicle from the water. 
2. Empty it completely (if possible). 
3. Check:

a. If it has a rescue card (usually in the 
sun visor). 

b. Put in neutral (N) or parking position 
(P) (automatic cars). 

c. Put on the parking brake. 
d. Remove the key or contact card (and 
move it +5 meters away). 

4. Locate and disconnect the 12 V battery. 
5. Locate and remove the power battery 
service connector.
Note: (if possible) 
Fill the traction battery with deionized 
water through the cooling duct, and 
remove the vehicle to an outdoor 
ventilated area (for about 72 hours) to avoid 
the risk of fire, as filling it with deionized 
water can produce hydrogen generated 
by electrolysis. It is reminded that the 
air-hydrogen mixture is flammable 
and sometimes explosive, although still 
unconfirmed.

Towing
The first thing to do is to verify which 
is its drive axle, and that it does not 
touch the ground. If not, it could cause 
a fire due to a short circuit produced by 
the electricity generated by the electric 
motor. When turning the drive wheels 
on the asphalt and moving it, it becomes 
an electric generator. If it has 4 engines, 
one on each wheel, or two, one on 
each axle, it is inevitably necessary to 
transport it on a platform crane.

In an emergency, it is possible to 
use a cable to tow short distances and 
at low speed. In general, and in case 
of doubt, the vehicle will be evacuated 
from the accident site to the workshop 
or scrap yard on a platform crane.

Conclusions
In the event of an accident or fire in an 
electric or hybrid vehicle, these are some 
of the recommendations that should 
be considered regarding the new risks 
generated:

- To limit the electrical risk of the 
traction battery, it is essential to 
disconnect the 12-volt battery.
- Avoid any contact with damaged

or porous cables, or better, with cables 
at all.
 - It should always be assumed that 

the traction battery and its associated 
components are fully charged
 - Exposed electrical components, 

cables or traction batteries pose a very 
dangerous risk of electric shock.
 - If the automatic disconnection of 

the battery has not been carried out, 
proceed to disconnect it manually
 - You cannot rely on the colour of 

the identification of the cables if 
you are not sure that the battery is 
completely disconnected.
 - Do not handle without safety 

gloves protecting above 1,000 
volts, boots, and dielectric screen 
any detached battery element 
from the vehicle or inside of it.
 - The vapers of the traction batteries can 

be potentially toxic and flammable.
 - The damages caused, both in the 

vehicle and in the power battery, can 
cause the immediate or delayed release 
of toxic and/or flammable gases and fire.

From the above, it is concluded that the 
vehicle:

 - Must be identified unequivocally 
as electric or hybrid through an 
international sign.
 - Must have a clear identification of the 

elements subjected to high tensions
 - Has to be equipped with an automatic 

disconnection device of the battery and/
or its modules and have an easily visible 
signalling system that guarantees the 
disconnection has been carried out.
 - Information about the chemical 

components of the batteries and 
their corresponding safety sheets are 
available.
 - Be equipped with an accessible and 

redundant manual disconnection 
system, in the event of failure of 
the automatic system.
 - Be equipped with an overheating 

detection system for the battery, 
which warns and, if necessary, acts 
on the automatic disconnection.
 - All of this will result in greater safety 

for the occupants, the police and 
security services that have to intervene 
and the possible public that witnesses 
the accident. 
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