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Fires Involving Batteries ofElectric Bicycles
Personal Mobility Devices,Powerbanksand
Laptops (20081 2015)

The Singapore Civil Defenc i i

Force (SCDF) responds to Key Flndlngs

reported fires in Singapore fi _ ) )
firefighting and fire investigaton |  Batteriesof consumer productsvere involved in

The archiving of detailed recorc
for all these fires has enable
thesestudies for the purposeof

about 2.7% of all battery fires in Singapore from
2008 i 2015. Among these, batteriesof electric
bicycles were the most prevalent followed by

public  education and fire

prevention. powerbanks

The SCDF Fire Analysis Repo  q  Apout 90.6% of electric bicycle battery fires in
series aim to make sense Singapore occurred in the lakyears.

similar fires seen over the yeal

Each report will provide details o i - )

the trends, patterns and ott J Thefirst powerbank firein Singaporewas reported
findings from the analysis of in 2013 In the following year, there wefiecases
specific type of fire or firaelated

topic. Relevant xamples of actua . .

fire incidents will also be 1 625% of th_e powerbar_lk firesoccurred while the
presented. In addition, fire safe powerbank itselfvas being charged

tipS or references to sources

information _ relating to  fire q | aptop battery fires were generally rare with 3

prevention will be provided.

Nothing in this report shall b
reproduced in wholein part or
cited without the prior written
consent of SCDF-.

Battery Fires

reported cases betweet008 and 205. In all 3
cases, the laptops were operating on either the bec
sofa.

There ared5 battery fires? in Singaporefrom 2008i 2015. As shown inFigure 1, there were

slightly morefires involving batteries otonsumer productthan those of equipment with
commercial and industrial applicationBmongst the consumer productses involving the

bateries ofelectric bicycleswere most prevalent, constitutir84.7% of all the batter fires

reported between 20G82015. This is followed by powerbanls 8.4%.

L A battery comprises 1 or more cells where each is an electrochemical unit that can convert chemical energy to
electrical energy]]

2 Excludingfire involving batteries of motor vehicles
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Figure 1: Breakdown of Battery Fires (2008i 2015)

3 Personal Mobility Device includeskateboard, kiclscooter, elettic scooter, hoverboaréind e-wheel in
accordance to the definition provideyg Land Transport Authority2]

4 Common Household batteri@sclude norrechargeable (primafy and rechargeable (secondargatteries that
aretypically cylindrical (AA, AAA, D, etc.) orbuttonin shapgLR41, LR44, etc.)

5 Uninterrupted Power Supply amackupbatteries are emergency power supplies activated when utility is cut off.
Large units are typically used to provide standby power to telecommunicatiorigiiosta [3]

6 Primary batteriesan only be used once and methargeabled]

" Secmdary batteries are rechargeabféer repeated useDifferent combinations of chemicals used in secondary
batteries include Lead Acid, Nick€admium (NiCd), Nickelron, Nickel Metal Hydride (NiMH), Silver Oxide,
Nickel-Zinc, Hydrogen Electrode, Zinc/ Manganese Dioxide and Lithiom(Li-ion) [5]

2



@ SCOF
27 the
Fire Analysis Report

Lire caving rorce

Volume 2, Issud / August2016

Most of the batter fires reported involved rechargeable batteries, also known as secondary
batteries, which are often used in portable electronics devices and electric véidieshis
report, fires involvingthe batteries ofelectric bicycles powerbanksand laptopswill be

examined.

Electric Bicycles

According to Singapore Customs, there w2106 electric bicycles imported into Singapore

in 2015 and thisis over 19 times the number imported2@08 [7/] as shown iMTable 1

Year 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Numberof electric |1 147 | 1991 | 2015 | 3018 | 3371 | 3830 | 6,213 | 21606
bicycles imported

Table 1. Number ofelectric bicycles importedinto Singapore (2008 2015)

Electric bicycles that have power assistance, either through a throttle or when pedalling (also
known as@edal assistor pedeled, are comronly referred as electric bikesr -bd & &]s 6 |
The pedale@and thedhrottle assigior ®n-demandare 2 broad types of electric bicycles. A
pedalec does not have a throttle but as the cyclist patial motoraugments witha certain
amount of powerThe amount of power to be addeshusuallybe adjustedin accordance to

the preferenceof the cyclis [9]. The &hrottle assisiallows the cyclist to control the power
through the throttleThe g/clist may chooseto pedalor sit backand heis able tovary the

power [LO]. Electric bicycles that allow direct drivenotor to cut in without pedallingnd

throttle control for acceleratidmrenot approvedor usein Singapore 11].

The batteries used ielectric bicycls vary from model to modelSomeelectric bicycles use
lead acid batteries, whereas newer models generally NiMH, NiCd andion Lbatteries

[12,13]. Typically, the batterys mountedon the bicycleat the body frameor above the rear
wheel [14] as seen ifrigure 2 andFigure 3.

8 Figures shown are with reference to calendar year. The figuie v e n
an Exception: Motorised Bicycles and Motor Vehicle Manufacture, on the other hane with reference to

financial year.
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Figure 2 Battery mounted on the blcycle Flgure 3 Battery positioned above the
frame rear wheel

Electric Bicycle Battery Fires

There were32 incidents of fire involvingthe batteries oélectric bicycledrom 20087 2015,

about 906% of thefires occurringin the last4 years(seeFigure 4). As seen inFigure 5,

50.0% of the fires occurred while the batteries were being charged while 31.3% of the fires
occurred when thelectric bicyclesvere stationary and not in use.

16 - Stationary In Motion
14 - L4 (Charging)
EP 18.8%
LL
5 10 - 8
50
£ 6 °
= X 31.3%
21, 1 1 1
0 _
2008 2009 2010 2011 2012 2013 2014 2015 _
vear Stationary
(Not Charging)
Figure 4. Breakdown ofelectric bicycle Figure 5. State ofelectric bicycleat the
battery fires (20081 2015) time of fire (20087 2015)

Most of the fires (59.4%) spread beyond thlectric bicycle (see Figure 6). On closer
examination of these cases where there was fire spread, most were noted to have taken place in
the living room and common area such as the corridor and void deck. The remaining cases
occurred in storerooms and a kitchen. The proximity of eleetric bicycle batteries to
combustiblsis a contributing factor to thige spread.
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Figure 6. Breakdown of locations of electric bicycldattery fire occurrences
(2008i 2015

Personal Mobility Devices
Hoverboard e-whee| skateboardand scooterare collectively termed apersonal mobility

devices(PMD) as seen irFigure 7. These devices have soared in popularity only in recent
years.

Photo Credits: ewheels.com, hoverboard.com.sg, crowdzap.com sswbektrs.de

Figure 7. PersonalMobility Devices (left to right): e-wheel, hoverboard, electric
skateboard and electric scooter

2015 saw thefirst fire involving the batteries od PMD (electric scootgrreported toSCDF

That was also the only PMD battery fire for that y&m.the day of thencident therider was

using thedevice as a mode of travel when it stopped operating abruptly. The rider dismounted
and noticecsmoke emitting from the rear of the scooter which developed into a fire moments
later. He doused the fire saessfully with a bottle of watdhat he was carryingOn closer
examination, the fire appeared to have originated from the cylindrical lithium batteries found in
the scooter regiSeeFigure 8).



@& SLOF

\ / Ihe Lire caving rorce
Fire Analysis Report Volume 2, Issud / August2016

Flgure 8 An electric scooter and the batteriesiffected in the fire

Powerbanks

Portable energy storage devicesr

portable battery chargerscommonly
referred to aspowerbanks are backup

battery pack thatcancharg the batteries
of electronic devices such as handphone
tablets and gaming devices when

connectedhrough a cablé¢seeFigure 9).

Some powdyanks are made for specifi
handphone models anchn be attached
directly onto the handphones without the
use of cablesluring chargingsuch as the
battery caseand power sleeveseen in Figure 9. A powerbank with built-in
Figure 10 andFigure 11 respectively cylindrical Li -ion batteries

(@)

bt

Figure 10. A battery case for handphones Figure 11. A power sleeve for handphones
powered by a pouch type Liion battery with a built-in pouch type Li-ion battery
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Within the powerbanks, the buith batteries are diverse in typekhese builin batteriesmay
range from cylindricabhape(seeFigure 9) to pouch type (seeFigure 10 andFigure 11) with
various combinations odbattery chenudals. Generally, Li-ion batteries aranore commonly
enployedin the powerbanks sold locally

Powerbank Fires

As shown inTable 2, the first powerbanlkire was reportedn 2013and this number increased

to 6 the following year It was noted tha62.5% of all reportedpowerbankfires took place in
bedroons as depicted ifrigure 12. It was also noted thdahere weremore instances of fire
(62.5%) occurring when the powerbanks were being charged as illustrafeggline 13; with 3

cases happeninghen the powerbanks were charging on the bed. 2 cases involved powerbanks
charging on study tables. There were no repdited involving powerbanks wimethey were

being used to charge another device.

Year 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Number of
powerbank fires 0 0 0 0 0 1 6 1

Table 2. Annual number of fires involving powerbanks (20081 2015)

Commercial
Premises (Retail)

(0)
N bublic

Transportation

Figure 12. Breakdown of locations where fires involving powerbank®ccurred
(200871 2015)

9 The pouch type batteries have conductive-talils welded to the electrodes and brought to the outside in a fully
sealed manner. They have applications in consumer, military and automotive applications. No standardised format
exists; each manufacturer dgss its own. [B]
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Figure 13. State of powerbanks at the time offires (20081 2015)

Laptop Fires

Laptop fires are generally rare with only 3 reported castseen 2008 2015 as shown in
Table 3 It was observed that in all 3 incidents, the laptops wpsegating on either a bed or a
sofaasseen inFigure 14. The upholstery may have significantly reduced the heat dissipation
rate by the laptop.

Year 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Number of fires
involving batteries 2 0 1 0 0 0 0 0
of laptops

Table 3. Annual number of fires involving batteries of laptops (2008 2015)

Figure 14. Laptop battery flres occurred on the bed or sofa
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From the Case Files

Casettl: December 2011, Kallang

The occupantwas woken up by his
domestic helper in the morning whtre
latter detecteda burning smell anda
cracKking sound from the electric bicycle
battery which was being charged in the
living room. When he headed out to
investigate, he saw that the electri |
bicycle was already on fire. He quickl
switched off the power supply at the
socket to the charger and extinguishe
the fire with buckets of water. He thel
evacuated his family and called SCDF fc
assisance. Due to the fire, the seat ar
battery compartmentof the electric B i e R
bicycleweredamagd (seeFigure 15). Figure 15. The seat and Dbattery

compartment of the electric bicycle were
damaged

Case £: October 2013, Ang Mo Kio

It was 8in morningwhenthe occupantvoke up to use the restrooihile he was in the
restroom, B heard aréexplosiord coming fromthe living room of the ‘oom HDB flat.
Subsequentlyhe heard hi8 roommates h o ut aril fas he wéntbout to investigate, |
foundthemselves trapped in the kitchen due to the smoke andefrethe main doof of
his roommates escaped by jumping off the kitchen windéwheir HDB unit on the 2
floor. He and thelastroommate climbedaut of the kitchen window and stood tire ledje.
SomeTown Council workersn the vicinity saw what happened and helpeditch a ladder
to assistn the evacuation.

As a result of the firethe contents of thélDB flat were damaged (Sde&gure 16). The
cause of fire was determined to be accidental and of electrical atighre battery of an
electric bicycle which was charging near the main 8eeFigure 17).
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Figure 16. The contents of the HDB flat were
damaged

Figure 17. The burn patterns were consistent p>
with fire origin near the main door where the
battery of an electric bicycle was being charged.

Case 8: June2014, Bishan

In the evening, a homemaker hegodppin@dsoundf r om her d a Wigeh she
went in to investigate, she saw pockets of &irthe left side of the bed. She made attem
to put out the fire using buckets of water but wassuccessfuland sheevacuated
Investigatiors revealed that hedaughter had left her powerbank to diearged on her bed
since morning and that was the only device that was energised in her bedroom. As 4
of the fire, contents of the room were damaged &gare 18). Other parts of the unit
sustained heat and smoke damésgeFigure 19 and Figure 20). Burnt remairs of the
powerbank wererecovered in the Area of Fire Origin (deigure 21).
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Figure&'“18. The contents of the room Flgure 19 Other parts of the unit
were damaged sustained heat and smoke damage
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Figure 20. Other parts of the unit
sustained heat and smoke damage

Figure 21. Burnt remains of the
powerbank were recovered in the Area of
Fire Origin

Case #4: July 2014, Woodlands

The occupant was in the kitchen when h
granddaughter alerted her that smoke w
seeping out from one of the bedroomgier
she retrieved the key to open the dasire
sawthe bed on fireHer attempd to put out
the fire were futile and she callé8CDFfor
assistance. As a result of the fire, the b
was damagedlhe walls and flooring in the
room sustained heat and smoke damage (
Figure 22). Investigatios revealed that a

powerbank was left charging on the bed ai
the burnt remains of the powerbankene
recovered from the determined Area of Fii
Origin (seeFigure 23).

. q Figure 23 Burnt remains of the

Figure 22. As a result of the fire, the bed
was damaged. The walls and flooring in
the room sustained heat and smoke
damage

powerbank were recovered from the
determined Area of Fire Origin
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