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Fire and Technical Aspects Related to Fire of Lithium-lon
Batteries

Lithium-ion batteries are becoming a universal phenomenon in modern
society and are found in everywhere, from large-scale solar power storage
system, as well as smaller devices such as laptops and phones to hybrid and
electric vehicles.

According to the statistics, most fires of lithium-ion batteries arise in
electric bicycles, and allowing for the fact that the electric bicycle is usually
charged during the night inside apartments, when no one is watching the
charging process, the fire can lead to serious consequences.

This article aims to understand how the lithium-ion battery technologies
increases the risk of fire, the complexity of fact-finding and investigation of
circumstances of the fire, and what can be done to prevent it at the legislative
level.

Keywords: lithium-ion batteries, fire, electric bicycles, quality standard,
fire investigation, seat of fire.

Introduction. Fires - calamity for people, both for partial and an
irretrievable loss of property, and in many cases, human life.

In recent years one can notice the global transition to more
environmentally friendly types of power, this is due, first of all, to air
contamination, as well as to the search for a cheaper power resource for the
transport system.

The rapid development of the given area was the use of the lithium-ion
batteries as power sources. The annual average growth rate of the lithium-
ion batteries market is expected to reach 22,58% during the projection period
(2020-2025) . The lithium-ion batteries have a high capacity and power in
a small overall size compared to other batteries. This is why, the lithium-ion
batteries are one of the sources of increased fire risks.

For the past few years, numerous fires and explosives of the lithium-ion
batteries have been reported in many countries resulting in property damage,
bodily injuries and human losses.

The carrying out a fire and technical examination to establish the cause
of fire can be difficult in many cases due to the very large area of the fire
and damage caused by the fire, as well as the lack of expert methods for
investigating these types of fires.

According to data of Singapore Civil Defence Force (SCDF), responsible
for the fire extinguishing and investigation of fire cause, the batteries used in
consumer products were the cause of approximately 53% of all battery fires in
Singapore from 2008 to 2015. The lithium-ion batteries out of them, used in
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electric bicycles, consist of the most percentage of fires. Statistically, 50% of
fires occurred while charging the electric bicycles batteries, and 31,3% of fires
occurred when the electric bicycles were motionless and not in use .

Also, according to Israel Fire and Rescue Services, due to an increase
in the use of lithium-ion batteries in everyday life, there is a growth of fires
connected with lithium-ion batteries. In Israel, there are about 150 fires
per year in apartments caused by the lithium-ion batteries used in electric
bicycles .

The cause of this increase of lithium-ion batteries fires is associated with
structural features of this battery, violation of safety rules while using it,
storage, charging/discharging, as well as due to the potential failures of the
battery or charger.

Analysis of Essential Researches and Publications. Lots of contemporary
scientists such as Wang Qiang from University of Science and Technology
of China, S. Y. Stoliarov and L. Kong from the University of Maryland and
others are studying the problem of failure of the lithium-ion battery, methods
of extinguishing fires associated with them.

National Fire Protection Association (NFPA) with a headquarter in the
United States of America (hereinafter referred to as the USA) studies methods
and the newest equipment to extinguish fires associated with lithium-ion
batteries, as well as investigate these fires using special knowledge, methods
and skills in order to study the causes of the fire and the mechanism of its
progress.

Article Purpose. To determine the cause of fire or explosive of the lithium-
ion batteries while using them, particularly in electric bicycles and scooters.

Main Content Presentation. The lithium-ion batteries (hereinafter
referred to as LIB) are the most commonly used power source for modern
electronic devices. Despite the practicality of these devices due to their
high-power density, low maintenance, low self-discharge, fast charging and
durability, their fire rules have become a matter of concern after reports of
fires associated with them.

Lithium-ion batteries refer to a group of batteries that generate electrical
power by converting chemical energy through redox reactions on active
materials, that is, a negative anode and a positive electrode (cathode), in one
or more electrically connected electrochemical cells .

Articles in magazines with headlines about underestimated dangers of the
electric bicycle fires are increasingly seen on pages of printed publications
and on the internet, as we do not expect the batteries that help us in our daily
lives to harm us. With the increased maintenance of electric bicycles over the
past few years, it is worth noting an increase in incidents related to them.

People, who use these products, should be aware of the risk-based
maintenance of this product, dangers of storage in the home or in public
places, only use the product from an official manufacturer, and follow the fire
safety regulations.

Electric bicycles were the cause in more than 10,000 fires throughout
the country from 2013 to 2017, according to the Ministry of Emergency
Management of China, killing more than 200 people. In accordance with
official information for 2008, over 200 million electric bicycles are used in
China. In this regard, the Deputy Minister of Emergency Management of
China made a comment. In his telling, some tragedies were due to the lack
of quality in construction, illegal modifications such as the addition of heave
supply batteries, and unsafe charging of electric bicycles, and he called for
updating the national safety standard for manufacturing electric bikes .
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FIRE AND TECHNICAL ASPECTS
RELATED TO FIRE OF LITHIUM-
ION BATTERIES.

In recent years, there has
been a global transition to more
environmentally  friendly  forms
of energy, this is due, first of all, to
atmospheric pollution, as well as
to the search for a cheaper energy

resource for the transportation
system.
Lithium-ion batteries are

becoming ubiquitous in today's
society and are found in everything
from large-scale solar energy storage
systems to smaller devices such as
laptops and phones and hybrid and
electric vehicles.

This article aims to understand
how lithium-ion battery technology
increases the risk of fire due to fire
or explosion of lithium-ion batteries
when they are used, in particular,
in electric bicycles, the difficulty of
identifying and investigating the
circumstances of this fire. What
can be done to prevent fires at the
legislative level.

The article provides an overview
of the situation with fires caused by
electric bicycles in China, Singapore,
and Israel. Examples from countries
(USA, European Union, Israel) that
have adopted quality and safety
standards related to the operation of
e-bikes are given.

The detailed reasons for the
occurrence of this problem are
considered, the proposed possible
legislative ~and  scientific and
technical actions for the prevention
and investigation of this type of fires:

- it is necessary to strengthen state
control over the production and the
import of products with lithium-ion
batteries, which must meet quality
standards and undergo appropriate
certification. Such actions should
prevent possible technical problems
that may arise with low-quality
products;

- development and
implementation of an  expert
methodology ~ for  investigating

fires associated with the ignition of
lithium-ion batteries in the expert
and investigative departments of
the police and other investigating
authorities, will make it possible to
establish the cause of the fire, the
source of the fire and the mechanism
of its course;

- development and
implementation of effective materials
and methods for extinguishing
lithium batteries, will %elp to
significantly reduce the time to
extinguish a fire, prevent re-ignition,
thereby preserving material property
and human lives.
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TITOXXAPHO-TEXHMYECKVE
ACTIEKTBI, CBSI3AHHBIE

C BO3TOPAHVIEM JINTUMN-
VIOHHBIX AKKYMYJISITOPHBIX
BATEPEV

B mocnennme ropmel  HaGmoma-
eTcsi MMpOBOVI Tiepexos Ha Goree
SKOJIOTVYHbIE BUIbI SHEPruu, cBsi3a-
HO 3TO IIPeXKJIe BCero C 3arpsisHeHveM
armMocdepel, a TakKe ¢ TOMCKoM 6o-
Jlee JIeIeBoro SHepreTuyeckoro pe-
cypca [Is TPAHCIIOPTHOV CUCTEMBI.

JInTui-MoHHble  aKKyMYJISATOPbI
CTAHOBATCSA ~ TIOBCEMECTHBIM  SIB-
JIeHVeM B COBPeMeHHOM  oOle-
CTBe ¥ TIPUCYTCTBYIOT BO BCeM: OT
KPYITHOMACIITabHBIX ~ CHCTEM  Xpa-
HeHMsl COJIHEYHOVI SHeprumu, a Tak-
JKe YCTPOVICTB MEHBIIIEro pasmepa,
TakMX KaK HOYTOYKW  TesredpoHBI,
10 TUOPUAHBIX U 2JIeKTPUYeCKMX
TPaHCIIOPTHBIX CPEJICTB.

[anHast cTaThs HallpaBJieHa Ha To,
4TOOBI IOHATh, KaK JIMTUI-VIOHHbIE
aKKyMYJIITOPHBIE TeXHOJIOTVV CIIO-
COOCTBYIOT YBEJIMUEHUIO PUCKa BO3-
HUKHOBEHMsl Io)XKapa B CJIEJICTBIN
BOSTOpAaHWMS VUIM B3PbIBa JINTUI-
VIOHHBIX aKKyMyJIATOPHBIX Oarapevt
IPU MX WUCIIOJIb30BAaHUM, B 4aCTHOC-
TH, B 9JIeKTpoBesiocuriesiax. B cratbe
Ppa3o0paHbI CIIOKHOCTY BBISCHEHVIS VI
pacciefioBanmsi 0OCTOSTEIIBCTB JIaH-
HOTO BO3TOPaHWS M TO, YTO MOXHO
cresaTh IS ero IpeioTBparleHns
Ha 3aKOHOJIATe/IbHOM yPOBHe.

B cratbe mpuBesieH  0030p
CUTyaum ¢ HoXapamu, —IIpu-
YHOVI KOTOPBIX SIBJISIFOTCSL
aeKTposesiocunens, B Kurae,
Cunramype, a Takke Vspanse.
TIpuBenerbt IIpUMepBI cTpaH
Espomerickoro  Coroza, a  Takxke
CIIA n V3pawis, B KOTOPBIX ObUII
NPVUHATB  CTAHAAPTHI  KadecTBa

v 0e30I1acHOCTHM, OTHOCSIIMECS K
9KCITTyaTalvu 3JIeKTPOBeJIOCHIIeIOB.

PaccMoTpeHbt T0/1pOGHbIE
HPI/I‘IVIHBI BO3HVMKHOBEHWM JlaHHOV[
TpoOJIeMBI, ITPEIUIOKEHBI  CIIEJIYIO-
IIMe BO3MOXXHbIe 3aKOHO/JaTeJIbHbIE 11
Hay4HO-TeXHWYeCKe JeVICTBUS JIJIs
TIpefIoTBpalleHVs ¥ paccrieoBaHvIs
JIAHHOI'O BI/Ia BO3TOPAHMIL:

- yCWIeHMe TOCY/IapCTBEHHOrO
KOHTPOJISI 3a ITPOM3BOZICTBOM ¥ TIO-
CTaBKamMy IPOAYKLUUM C  JINTUVI-
MOHHBIMW aKKyMY}TﬂTOpHBIMT/I
OaTapesiMu, KOTOpbIe JIOJDKHBI CO-
OTBETCTBOBATh CTaH,ELapTaM KadecTBa
W IPOXOANTH  COOTBETCTBYIOIIYIO
ceprudvkanyio. Takme IevicTBUsS
JOJDKHBI HpeL[OTBPaTVITI) BO3MOJKHbIE
TexXHUYeCKye Tpo0IeMbl, KOTOpbIe

Fire and Technical Aspects Related to Fire of Lithium-lon Batteries

According to the annual statistics published by Singapore Civil Defence
Force (SCDF), for 2020 firefighters responded to a total of 1,877 calls, down
34.4% from the previous year, but on the other hand, there is an increase in
twice of electric bicycle fires .

According to official data from Israel Fire and Rescue Services, about
60,000 fires were reported in 2019. It was found that 25% of the fires were
caused by a malfunction of electric equipment.

For the period from 2015 to 2019, there has been a sharp increase in
the use of electric bicycles with LIB in Israel, and in proportion to this, the
number of fires in apartments, associated with them, increases . In such a
way, in accordance with Israel Fire and Rescue Services, in 2015 one case
of the fire was recorded, related to the malfunctions of the electric bicycle’s
battery, in 2017, 76 cases were already recorded, in 2019, 144 cases of fires
were recorded. Thus, it’s an obvious point that as the use of electric bicycles
increases, there is also an increase in the number of fires associated with
them.

The problem of fire safety of LIB is an important obstacle to the growth of
the market and their sales. Let us consider the main reasons that can lead to
their fire.

When stored and maintained within the norms and rules recommended
by the manufacturer, the failure rate of LIB is estimated at 1 out of 40 million.
However, unpredictable circumstances, such as overcharging the battery,
external heating, and mechanical damage, can significantly enhance the
likelihood of battery failure and, as a result, its fire .

The fire hazard of lithium-ion battery is a major concern due to its poor
thermal stability and due to the presence of a cathode made from lithium
cobalt oxide (LiCoO2). With a sufficiently low heating (no more than 900C)
LiCoO2 begins to decompose with the oxygen precipitation which oxidizes
the polymeric electrolyte. A gradual increase in temperature occurs, thereby
starting the process in neighboring battery cells. A chain reaction occurs
(this process is called the battery thermal dispersal) which continues until
the battery is completely burned out . This heating can be caused by a short
circuit inside the electrochemical cell, as well as by improper charging/
discharging of the battery or by external heating.

The LIB mechanical damage can also lead to its fire. Such damages
can be seen with daily use of the electric bicycle. If the battery is not sealed
properly, oxygen and water vapor from the environment enter the body and
react with the cathode and electrolyte materials. Consequently, the battery
heats up and explodes .

Another cause of fire may be the use of a non-original charger or the
battery itself. Devices that do not pass proper quality control and do not meet
the fire safety regulations can lead to short circuits or overcharging of the
battery.

All these reasons can lead to the battery fire and even to its explosion, and
if we take into account that usually batteries of electric bicycles are charged
indoors, the consequences of this fire can lead to severe fire and human
losses.

During the fire, occurred in 2021, in one of the apartments in Israel,
several people were injured, one of them was in serious condition, and later
died in hospital. As reported by the investigator of fire investigation of Israel
Fire and Rescue Services, the fire occurred due to the malfunction of the
electric bicycle that was in the apartment . There are more headlines like this
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in the news about electric bicycle fires in apartments. The consequences of
these fires lead to the loss of not only property, but also to human life.

On figure 1 the consequences of the fire in the apartment, caused by
ignition of LIB are shown.

Figure 1. Consequences of the fire in the apartment caused by ignition of the lithium-
ion batteries of the electric bicycle (LIB is highlighted in a red circle).

The carrying out the fire and technical examination in order to establish
the source of the fire, as well as the circumstances that led to the fire, can be
significantly complicated due to the complexity of establishing the facts and
mechanisms of its course, as well as in the absence of expert methods and
practice in the investigation of this type of fire.

The electric bicycle battery is an electrical and mechanical combination
of separate electrochemical cells to produce a higher voltage or more power.
Electric bicycles typically use 18,650 cells in a battery configuration to get 48
volts .

The lithium-ion battery may provoke the fire caused both internal and
external heating of the battery, thereby serving as a secondary ignition source
(power source).

The complexity of fire investigation also consists of the preservation of
material evidence at the scene until the forensic expert’s arrival, due to the
fragile state of LIB and its elements after the fire and explosion. In some
cases, the study of these elements may indicate thermal phenomena that
happened before the fire. Thus, the prompt implementation of the fire and
technical examination at the fire site provides the best chances to determine
the cause of the fire associated with the lithium-ion batteries.

MOr'yT BO3HMKHYTH C HeEKa4eCTBeH-

HOVI ITPOITY KIIMEV;

- paspaboTka ¥  BHepeHVe
SKCIIEPTHOM ~ MeTOAMKM  paccile-
JIOBaHMsSI ~ IIOXApOB,  CBS3aHHBIX
C  BO3rOpaHMeM  JIUTUVI-MIOHHBIX
AKKYMYJIATOPHBIX Garapers, B

3KCHepTHBIX M CJIeJICTBEHHBIX I10-
npasnerneHvsix normmviv i MYC mo-
3BOJISIT YCTaHAB/IVBATH IIPUYVHY BO3-
TopaHMs, OYar Io)apa M MeXaHU3M
€ro ITPOTeKaAHIsT;

- paspaboTka ¥  BHeIpeHNe
9 PEeKTUBHBIX MaTepyraioB " Me-
TOHOB TYILEHWS JINTVEBBIX aKKyMy-
JISSTOPOB IIOMOTYT B 3HAYWUTEIIbHOVI
Mepe yMeHBIIWUTh BpeMsi TyIIeHVie
ro)kapa, He JOIYCTUTh IOBTOPHOIO
BOSTOPAHMS], TeM CaMBIM COXPaHWUTb
MarepuasIbHOe MIMYIIIECTBO U YeJloBe-
yecKye XU3HMU.

KimroueBble cjioBa: JINTU-VIOHHBIE
aKKyMyJ'[HTOpBI, BO3F0paHV[e,
3JIeKTPOBEJIOCUIIE]IBI, CTAHIAPT Kade-
CTBa, pacciiefioBaHye IIOKapoB, odar
Toapa.
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On figure 2 the scatter of the electric bicycle battery elements after the
fire is shown.

P. ITepues

MMOXXEXKHO-TEXHIUHI
ACTIEKTWM, TIOB’SI3AHI I3
3AVIMAHHSIM JIITIVI-IOHHMX
AKYMYJISITOPHUX BATAPEN

OcraHHIMM poKaMm criocTepira-
€TBCSI CBITOBMVI Tiepexiyy Ha OUIbIIT
EeKOJIOTTUHi pisHOBUIM eHeprii,
NoBI3aHO e Ieperycim i3 3abpyn-
HEeHHsIM aTMocdepy, a Takox i3 Io-
H_IyKOM JIEIIeBIIIOro eHepreTT/IqHDTO
Pecypcy TpaHCIIOPTHOI CHCTEMIA.

JTiTiv-ionHi akyMysIsITOpU CTaloTh
TIOBCIOJTHVIM  SIBUIIIEM Y CYy4acHOMY
CYCIIJIBCTBI Ta IPUCYTHI Y BChOMY:
BIJI BeJIMKOMACIITaOHMX CrcTeM 30e-
piraHHsg COHSYHOI eHepril, a TaKOX
TIPVICTPOIB MEHIIIOTO PO3MIpy, SIK-OT
HOyTOYKM Ta TenedpoHm, /10 TiGpmm-
HUX Ta eJIeKTPUYHNX TPAHCIIOPTHIX
3ac00iB.

Lla crarTss copsMoBaHa Ha Te,
1mo0w 3pO3yMiTH, SIK JITif-ioHHi aKy-
MYJIATOPHI  TeXHOJIOTil CHpUSIOTH
30UIBIIEHHIO PU3MKY BUHUKHEHHS
TIOXeXi Jepe3 3ariMaHHsI abo BUOYxX
JHTIV-OHHVIX — aKyMyJIsSITOpHUX Oa-
Tapeit y pasi iXHbOTO BUKOpWCTaH-
Hsl, 30KpeMa, B eJIeKTPOBEJIOCHIIe-
max. Y crarTi posiOpani cxramHOII
35iCyBaHHsI Ta PO3CIIiTyBaHHs o0OcTa-
BVH I[bOTO 3aVIMaHHS Ta Te, III0 MOX-
Ha 3poOMTH IS VIOrO 3arobiraHHs
Ha 3aKOHOJIaBYOMY PiBHi.

Figure 2. Parts of the lithium-ion battery of the electric bicycle after its fire and
explosion.

One of the main problems in the struggle against the fire of LIB is the
problem of extinguishing these fires.

In accordance with National Fire Protection Association (NEPA), fires
fall into several categories. The fire classification of lithium-ion batteries
varies. The LIB is used as an energy source, and a fire may occur due to a
malfunction of the electrical device (charger). In such cases, the fire caused
by the lithium-ion battery can spread and ignite nearby materials and cause
enormous damage.

Extinguishing fire, caused by the lithium-ion battery fire, refers to both
extinguishing an open flame and reducing the temperature of the battery. If
the battery temperature is high enough after extinguishing the open flame,
there is still a chance that the battery could ignite again .

In 2013, the Fire Protection Research Foundation (USA), tested LIB
ignition on full-scale model cars. In one of the tests, the battery re-ignited 22
hours after extinguishing the open flame .

There are four main approaches to extinguishing the typical fire: isolation
method, suffocation method, cooling method, and chemical suppression
method. The fire caused by the lithium-ion battery is not a typical fire
because at least part of it consists of direct reactions between the battery and
its constituents. These reactions do not require external oxygen.

Although the extinguishing this type of fire with water at the moment
is the main method of extinguishing, since water also extinguishes the
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open flame and cools the battery cells, thereby preventing re-ignition from
happening. But we should not forget that to extinguish this type of fire with
water takes much more water and time than conventional fire extinguishing,
not connected with LIB, and also the water is a good electricity conductor,
which is also should be taken into account.

The search for an optimal reagent for fire extinguishing of the lithium-
ion batteries, which does not emit gases harmful to humans during the
extinguishing process, and does not allow the resumption of re-ignition, will
require further research efforts .

Another significant factor, which leads to the LIB fire, is the absence in
many countries, of the specific government quality and safety standards of
these products manufacturing and inspection, as well as its certification.

At the current time, citizens, who want to reduce the cost of buying
battery or a charger, buy it via the Internet or try to put the LIB together for the
electric bicycle by their own efforts. In many cases, such products may not
meet quality and fire safety standards.

In such a way, in the USA, since 2020, the voluntary ANSI / CAN / 2849
safety standard for electric bicycles. The Standard UL 2849 is the national
standard, accredited by the American National Standards Institute (ANSI)
and Standards Council of Canada (SCC) in the USA and Canada . This
standard proposes certification for the electrical and fire safety of electric
bicycles by examining the combinations of an electric drive system, the
battery system, and the charger system.

The European Union also has a quality standard for electric bicycles
EN15194. The European standard applies to electric bicycles for private and
commercial use, with the exception of electric bicycles that are rented from an
automatic station. The standard specifies the requirements and test methods
for engine power control systems, electrical circuits, including a charging
system, for the design and assembly of electric bicycles and assembly units
for systems with rated voltages upto 48 V.

The Standards Institution of Israel also uses the European Union Quality
Standard EN15194, which establishes safety requirements and test methods
for evaluating the design and assembly of bicycles with a supporting electric
motor and additional rules for battery-powered systems .

Conclusions. The aforementioned indicates that with the increased use of
the lithium-ion batteries in daily life, there is a sharp increase in the number of
fires and ignitions associated with their use.

In this regard, supervisory authorities should develop and adopt legislative
and regulatory and technical standards to counter this type of fire:

- itis necessary to strengthen state control over the production and supply
of products with lithium-ion batteries, which have to meet quality standards
and undergo appropriate certification. Such actions should prevent possible
technical problems that may arise in low-quality products;

- development and implementation of the expert methodology for
investigating fires associated with the ignition of lithium-ion batteries in
the expert and investigative departments of the police and the Ministry of
Emergency Situations will make it possible to establish the cause of the fire,
the source of the fire and the mechanism of its process;

- development and implementation of effective materials and methods
for extinguishing lithium batteries will help to significantly reduce the time
taken to extinguish the fire, prevent re-ignition, thereby preserving material
property and human lives loss;

Summing up, it is worth noting that with the increase in use of hybrid and
electric vehicles, the environmental situation also improves, but the use of
low-quality products and non-compliance with fire safety rules can lead to
serious consequences.

VY crarTi HaBemIeHO OIS CUTYATTiT
3 TIOXKeXKaMW, IIPUYVHOIO SIKVIX € eJIeK-
tposesiocuiteny, y Kurai, Cinrarypi,
a Takox I3paini. Hasemeno npuxiiagm
kpaii_€Bponericbkoro Coiozy, a Ta-
ko CIIA Ta Ispaimo, y sxux Oy
MPUVIHSTI CTaHAAPTHU SIKOCTi Ta 0e3-
TIeKV I0/I0 eKCIUTyaTallii eJleKTpoBe-
JIOCHTIEJTiB.

PosmiganyTi  mokiIagHi  IpUYMHNI
BUHVKHEHHS 11i€i Tpobsiemu, 3arpo-
TIOHOBaHI TaKi MOXKJIMBI 3aKOHOIaBY1
Ta HayKOBO-TeXHiuHi J1ii /151 3aro0i-
TaHHs Ta PO3CIIi/TyBaHHS IHOrO pis-
HOBWJLY 3aViMaHb!

- IIOCVJIeHHS )IGP)I(aBHOFO KOHTp-
OJII0 3a BMPOOHWIITBOM Ta IIOCTa-
YaHHAM TTPOMYKIIT 3 JITiV-ioHHIMMI
aKyMyJIITOPHUMYU OaTapesmu, Ki
MaloTh  BiITIOBiZaTV  CTaHZapTaMm
SIKOCTi Ta ITPOXOIWTV  BiJIIIOBiIHY
ceprudikartiro. Taxi J1ii MaOTh 3aro-
GirTM MOXJIMBMM TEXHIYHWM ITpO-
OriemaM, sIKi MOXyTh BUHVIKHYTU 3
HeSKiCHOIO ITPOJTyKITi€io;

- po3po0IeHHS Ta BIIPOBaKEHHSs
eKCIIEPTHOT METOIMKM PO3CIIi/yBaH-
Hsl TIOXeX, IMOBS3aHMX i3 3ariMaH-
HSAM JHTI-IOHHMX aKyMYyJISSTOPHMX
GaTapert, B eKCIIEpTHMX Ta CITIUMX
migpospinax nomimii Ta MHC, mamyTs
3MOTy BCTAHOBJIIOBATV IIPUYVHY 3a-
VIMaHHSI, OCepesIoK IOXXeXi Ta Mexa-
HI3M 1Oro HpOTlKaHH}I}

- PO3pO0JIeHHSI Ta BITIPOBA/IKEHHS
edpeKTMBHMX MaTepiasliB Ta MeTOIiB
TaciHHs JITiEBUX aKyMyJIsSITOpiB J10-
TTIOMOXYTh 3HAUHOIO MipOIO 3MEHIIIVI-
TU Yac raciHHsS IIOXexXi, He JoIyc-
TUTN HOBTOpHOI' 0 3aMMaHHS{, TUM
camuMm 30eperti MaTepiaibHe MariHO
Ta JIFOJICHKI JKUTTAL.

Kirouosi cjroBa: stiTiv-ioHHi  axy-
MYJISTOPY, 3aiMaHHS, eJIeKTPOBeJIo-
CUIIeJI, CTaHIAPT SAKOCTi, pO3CIIijTy-
BaHHSI TIOXKeX, OCEPETOK MOXKEXI.
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BRANDTECHNISCHE ASPEKTE,
DIE MIT DEM ENTZUNDEN
VON LITHIUM-IONEN-
AKKUMULATOREN-BATTERIEN
VERBUNDEN SIND

In den letzten Jahren hat sich
weltweit eine  Umstellung  auf
umweltfreundlichere Energieformen
vollzogen, das ist vor allem mit der
Luftverschmutzung sowie der Suche
nach billigeren Energieressourcen
des Verkehrssystems verbunden.

Lithium-Ionen-Akkumulatoren
werden in der modernen
Gesellschaft allgegenwirtig und sind
in allen Bereichen vorhanden: von
Ero@en Solarspeichersystemen sowie

leineren Gerdten wie Laptops und
Telefonen bis hin zu Hybrid- und

Elektrofahrzeugen.

Dieser  Artikel zielt darauf
ab, zu verstehen, wie Lithium-
Tonen-Akku-Technologien die

Brandgefahr ~durch  Entziindung
oder Explosion von Lithium-Ionen-
Akkumulatoren erhthen, wenn sie
insbesondere in Elektrofahrriadern
verwendet werden. Schwierigkeiten,
die Umstdnde dieses Brandes
herauszufinden und zu untersuchen
und was auf gesetzgeberischer
Ebene getan werden kann, um ihn
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zu verhindern. Die Schwierigkeiten,
die Umstdnde dieses Entziindens
herauszufinden und zu untersuchen,
und was auf gesetzgebender Ebene
getan werden kann, um es zu
verhindern, werden erdrtert.

Der Artikel gibt einen Uberblick
iiber die Situation bei Bréanden durch
Elektrofahrrider in China, Singapur
und Israel. Es werden Beispiele fiir
Lander Europédische Union, USA, und
Israel gegeben, in denen Qualitéts-

&k

und erheitsstandards fiir die
Nutzung von  Elektrofahrradern
angenommen wurden.

Die detaillierten Ursachen
dieses Problems werden
betrachtet, die folgenden
moglichen — gesetzgebenden  und

wissenschaftlich-technischen
Mafinahmen  zur  Vorbeugung
und Untersuchung dieser Art vom
Entziinden werden angeboten:

- Starkung der staatlichen
Kontrolle iiber die Herstellung
und Lieferung von Produkten mit
Lithium-Ionen-Akku-Batterien, die
Qualitdtsstandards  erfiillen und
eine entsprechende Zertifizierung
durchlaufen miissen. Solche
Mafinahmen  sollten  mogliche
technische Probleme verhindern,
die mit minderwertigen Produkten
auftreten kénnen;

- Entwicklung und Einsatz
der Expertenmethodik zur
Brandermittlung im Zusammenhang
mit der Entziindung von Lithium-
Ionen-Akku-Batterien in Experten-
und Ermittlungseinheiten
der Polizei und des
Katastrophenschutzministeriums
ermoglichen es, die Brandursache,

den Brandherd und den
Mechanismus seines Ablaufs zu
ermitteln;

- Entwicklung und Einsatz
wirksamer Materialien und
Methoden  zur Loschung  von
Lithiumakkumulatoren helfen

die Dauer der Brandbekimpfung
erheblich verkiirzen, Neuziindungen
verhindern und dadurch Sachwerte
und Menschenleben retten.

Schliisselworter:  Lithium-lonen-
Akkumulatoren, Entziinden,
Elektrofahrrader, Standard
der  Qualitét, Brandermittlung,
Brandherd.

R. Pertsev
INCENDIE ET ASPECTS
TECHNIQUES LIES A

LALLUMAGE DES BATTERIES
LITHIUM-ION.

Ces dernieres années, il y a eu
une évolution mondiale vers des
types d’énergie plus respectueux de
Ienvironnement, principalement en
raison de la pollution de l'air, ainsi
que de la recherche de ressources
énergétiques moins cheres pour le
systéme de transport.

Les batteries lithium-ion de-
viennent omniprésentes dans la
société moderne et sont présentes
dans tout, des systemes de stockage
solaire a grande échelle aux appa-

Fire and Technical Aspects Related to Fire of Lithium-lon Batteries
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reils plus petits tels que les ordina-
teurs portables et les téléphones en
passant par les véhicules hybrides
et électriques.

Cet article vise a comprendre
comment les technologies rechar-
geables lithium-ion augmentent
le risque d'incendie da au feu ou a
I'explosion des batteries lithium-ion
lorsqu’elles sont utilisées, notam-
ment, dans les vélos électriques.
Difficultés a connaitre et a enquéter
sur les circonstances de cet incendie
et ce qui peut étre fait pour I'empé-
cher au niveau législatif.

Larticle donne un apercu de la
situation des incendies causés par
les vélos électriques en Chine, a
Singapour et en Israél. Des exemples
sont donnés de pays (Etats-Unis,
Union européenne et Israél) dans
lesquels des normes de qualité et de
sécurité liées au fonctionnement des
vélos électriques ont été adoptées.

Les causes détaillées de ce
probleme sont examinées, des
actions  législatives,  scientifiques
et techniques possibles pour la
prévention et l'investigation de ce
type d’'incendies sont proposées:

- il est nécessaire de renforcer le
controle de I'Etat sur la production
etla fourniture de produits avec des
batteries lithium-ion, qui doivent
répondre a des normes de qualité
et faire I'objet d'une certification ap-
propriée. De telles actions devraient
éviter d’éventuels problemes tech-
niques pouvant survenir avec des
produits de qualité inférieure;

- élaboration et la mise en ceuvre
de méthodes d’expertise pour en-
quéter sur les incendies liés a l'allu-
mage de batteries lithium-ion dans
les unités d’expertise et d’enquéte
de la police et du ministere des
Urgences, établiront la cause de I'in-
cendie, la source de I'incendie et son
mécanisme ;

- développement et lintroduc-
tion de matériaux et de méthodes
efficaces d’extinction des batteries
au lithium permettront de réduire
considérablement le temps d'ex-
tinction des incendies, de ne pas
tolérer les allumages répétés, ce qui
permettra de sauver des biens ma-
tériels et des vies humaines.

Mots-clés: batteries ion-ion, in-
cendie, vélos électriques, norme de
qualité, enquéte incendie, incendie.
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