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EV lith iu m  io n  
b a t te r y  fir e s
What do they mean for 
e m e rg e n c y  re s p o n d e rs ?

W e 'r e  r e se a r ch in g

co n n e ct io n  to  
e n e r gise d ch ar gin g
W h a t  a d d it io n a l ris ks  d o  
e m e rg e n c y  re s p o n d e rs  fa c e ?



I t  a ll sta r te d  w ith  a  b u sh f ir e
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Experiencing EVs is one of the best ways to reduce firefighter FUD

B e tty  th e  T e sla  M o d e l 3
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E V L iB  f ir e s a r e  ve r y  r a r e

In  p asse n ge r  p lu g- in  EVs, w e  h ave  ve r ifie d *:

18 7 EV tr act io n  b a t te r y  fir e s 
glo b ally , 20 10 - to d ay  

2 4 cu r r e n t ly  b e in g cr o ss 
ch e cke d

'In  th e  w o r ld  o f cle an  e n e r gy , fe w  ar e as a r e  as d y n am ic as 
th e  e le ctr ic car  m ar ke t . W e  e st im ate  th e r e  a r e  n o w  around 

16  m illio n  e le c tr ic  ca r s o n  th e  r o ad  w o r ld w id e ...'
In te r n a t io n a l En e r gy  Age n cy , Jan u ar y  20 22

*Not exhaustive. From more than one online source, interviews, first hand accounts, videos, images, academic & fire agency re por ts & online training  
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E V f ir e s b y  m a n u fa c tu r e r
M o st n u m b e r  o f EVs 

o n  th e  r o ad
M o st  n u m b e r  o f 

'co llisio n  a t  sp e e d '



C a u se s  o f  b a t t e r y  
c e l l  a b u se  

*Data current November 2021
^ P e rc e n t a g e  o f in c id e n t s  EVFS  s t u d ie d

1.57%
1.57%
2 .3 1%
2 .3 1%

3 .0 8 %
18 .9 0 %
18 .9 0 %
2 9 .13 %

O ve r h e a t in g
Su b m e r sio n
Exte r n a l fir e
Ar so n  /  m alicio u s
W o r ksh o p  /  r e p a ir
C o llisio n  /  d e b r is 
O EM  b at te r y  fau lt  
U n kn o w n



E V & f ir e  p r o je c t io n s
'T h e  ave r age  age  o f e le ctr ic ve h icle s in  th e  U S is 3 .9  y e ar s o f age  

an d  h as b e e n  h o ve r in g b e tw e e n  3 .8  an d  4.1 y e ar s sin ce  20 16 ...'
IH S M ar k it , Jan u ar y  20 21
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At Ap r il 20 22

~3 5,0 0 0 1,3 0 0 ,0 0 0

Fo r e cast  20 30
(Ele ctr ic Ve h icle  C o u n cil)

co m p o u n d  an n u al gr o w th  
r a te  o f EVs sin ce  20 10  

~70 %

EV o w n e r sh ip * is co n ce n tr a te d  in  cap ita l & m ajo r  cit ie s, b u t  th e r e  a r e  
n o w  EVs in  e ve r y  Au str a lian  r e gio n

E Vs in  Au str a lia

*D o e sn 't  in clu d e  h y d r o ge n  
fu e l ce ll ve h icle s!



At Ap r il 20 22

~14,0 0 0
1,3 0 0 ,0 0 0

Fo r e cast  20 30  fo r  
p asse n ge r EVs

'T h e  sta te  o f Victo r ia  is Au str a lia 's la r ge st  an d  m o st  im p o r tan t  
e le ctr ic ve h icle  m ar ke t , w ith  th e  m o st  e le ctr ic ve h icle  p u r ch ase s in  

Au str a lia  b e tw e e n  20 11 an d  20 21.' 

Electric Vehicle Council, State of EVs Report 2021

E Vs in  Vic to r ia

~450 ,0 0 0

T o ta l n u m b e r  o f a ll ve h icle s r e giste r e d  in  Victo r ia , e n d  20 21: 5.1 m illio n



Age  o f  IC E  is o ve r

Br an d s w ith  EVs cu r r e n t ly  
ava ilab le  in  Au str a lia

EV b r an d s co m in g in  
20 22 / 3

Br an d s n o t  
e le ctr ify in g (y e t)



N e w  r isk s & ch a lle n ge s
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B a tte r y  p a ck  co n st r u c t io n

Lithium ion 
b a t t e ry  c e ll

Mu lt ip le  c e lls  m a ke  a  
b a t t e ry  m o d u le  

Mu lt ip le  m o d u le s  
m a ke  a  b a t t e ry  p a c k,  
w h ic h  is  e n c lo s e d  in  
p ro t e c t ive   b a t t e ry  

c a s in g s

An  EV t ra c t io n  b a t t e ry  p a c k  is  t yp ic a lly  c o n s t ru c t e d  like  t h is :



B a tte r y  p a ck  co n st r u c t io n
The traction battery supplies power for vehicle momentum & is 
u s u a lly  lo c a t e d  b e n e a t h  t h e  ve h ic le ,  a lo n g  t h e  flo o r p a n  

EV t ra c t io n  b a t t e ry  p a c k



T h e r m a l r u n a w a y

An  u n st a b le  c h e m ic a l  p r o c e ss t h a t  
i s  d i f f ic u l t  t o  b r in g  u n d e r  c o n t r o l



T h e r m a l r u n a w a y

The cell short 
c irc u it s  & 
h e a t s  u p  

P re s s u re  (in  t h e  
fo rm  o f g a s e s ) 

e s c a p e s  via  c e ll 
s a fe t y  va lve  

Ig n it io n  o r 
va p o u r c lo u d  

e xp lo s io n  
o c c u rs

A b a t t e ry  c e ll 
s u ffe rs  a b u s e  

(ie .  t ra ffic  
c o llis io n )

Th e rm a l ru n a w a y o c c u rs  w h e n  a  b a t t e ry  c e ll s u ffe rs  a b u s e ,  s h o rt  
c irc u it s ,  h e a t s  u p  & b u rs t s .

O t h e r n e a rb y  
c e lls  h e a t  u p  

O t h e r c e lls  
fo llo w  

Approx 
170  coApprox 

5 0 -6 0  co

Highly toxic & 
flammable gases 

(30 -50% hydrogens)



F r o m  o u t s id e  t h e  E V
From an emergency responder perspective, thermal runaway 
lo o ks  & s o u n d s  like  t h is  

Da rk va p o ur c lo ud , 
lig ht  va p o ur c lo ud
(it 's  NOT s m o ke )

Po p p ing  - b la s t  c a p s
His s / whis t le  - g a s  ve nting

Pro je c t ile s  - c e ll d e b ris   

Ig nit io n
Je t  like ,  d ire c t io na l fla m e s  

Va p o ur c lo ud  e xp lo s io n 
Vio le nt  d e fla g ra t io n

~9 0 % ~10 %

At this point, one of 
two things will occur





Va p o u r  c lo u d  e x p lo sio n
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VC E  o ccu r s ~10 % o f  t im e

Underground / 
e nc lo s e d  s pac e

Ope n a ir 

6 4 .3 %

3 5.7%

Total of 18  VCE inc id e nts g lo ba lly s inc e  2 0 10 : 4  inc id e nts ve rifie d  o f:
• vapo ur c lo ud  e xp lo s io n
• in an e nc lo s e d  s pac e
• while  c o nne c te d  to  e ne rg is e d  c ha rg ing

https://www.evfiresafe.com
https://www.evfiresafe.com
https://www.evfiresafe.com


E V f ir e  su p p r e ssio n
It doesn't actually take much water to cool the battery pack...the problem is getting it 
d ire c tly o nto  the  c e lls  to  c o o l the m do wn
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E V f ir e  su p p r e ssio n

A stream of water onto the underside 
o f t h e  EV w ill d is s ip a t e  h e a t  

= s lo w  & s t o p  t h e rm a l ru n a w a y

C o o lin g  b a t t e ry  c e lls  w it h in  a  p a c k  
m a y  t a ke  s e ve ra l h o u rs



S u p p r e ss io n  = t im e , r e so u r c e s  

10 m in  3 - 5  h o u r s  (>50  h o u r s  t o  
c le a r  h ig h w a y ) 

1,0 0 0 L 110 ,0 0 0 L

Best case W o rs t  c a s e



E V f ir e s a t  ch a r g in g  

0 8

O f a ll in cid e n ts, w e  fo u n d :

2 6 .15% were connected to 
e ne rg is e d  c ha rg ing  
(3 4  inc ide nts )

4 .6 2 % had be e n d is c o nne c te d  
fro m e ne rg is e d  c ha rg ing  
within 6 0  minute s  
(6  inc ide nts )

C h ar gin g w asn 't  n e ce ssar ily  th e  cau se  o f fir e , b u t  co n sid e r a t io n  n e e d s to  b e  give n  
to  t r u ck  & w ate r  acce ss a t  ch ar gin g h u b s 



I f  c o n n e c t e d  t o  c h a r g in g

In theory, electrically compliant units installed to 
AS3 0 0 0  will c ut  b e twe e n c a r & d is trib utio n b o a rd
Ave ra g e  unit  c o s t: $ 8 0 0 -$ 15 0 0  

AC  E V c h a r g in g  (7/ 2 2 k W )
In the o ry,  e le c tric a lly c o m p lia nt  units  ins ta lle d  to  
AS3 0 0 0  will c ut  b e twe e n unit  & c a r 
Ave ra g e  c o s t: $ 5 0 ,0 0 0  - $ 7 5 0 ,0 0 0

D C  E V c h a r g in g  (2 5 / 3 50 k W )



B e st  p r a c t ic e

T r e a t  a s  a n  e n e r g ise d  e le c t r ic a l  f i r e  &  
f o l lo w  S O P s

D o n 't  t o u c h  a n y t h in g  u n t i l  d is t r ib u t io n  
b o a r d  i s  lo c a t e d  &  c u t  



R e ig n i t io n  i s  a  r i sk  
In  6  c a se s
In  4  c a se s

D am age  cau se d  to  to w  tr u ck
In ju r ie s to  d r ive r s, o n e  h o sp ita lise d
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R e ig n i t io n  = m u l t ip le  c e l ls  a b u se d
Reignition occurs when multiple battery cells are abused, but short 
c irc uit  & g o  into  the rm a l runa wa y a t  d iffe re nt  t im e s . The  s tra nd e d  e ne rg y 
ins id e  the  b a t te ry p a c k s up p o rts  a  s e c o nd  ig nit io n.



R e ig n i t io n  o c c u r r e d  in  
~10 % o f  in c id e n t s

Ig n it io n R e ig n it io n  
(o n  sce n e )

R e ig n it io n  o n  
t o w  t r u ck   

R e ig n it io n  in   
st o r a g e  y a r d  

Upon 
im p a c t 4 8  h o u r s  la t e r

Ig n it io n R e ig n it io n  in
storage yard 

Upon 
impact 68 days later



Yo u 'r e  a  v i t a l  l in k  in  t h e  
e m e r g e n c y  r e sp o n se  c h a in  

• U n d e r stan d  b a t te r y  p ack  co n str u ct io n
• Le ar n  sign s o f th e r m al r u n aw ay  
• M ake  ch ar gin g h u b s safe r
• C o n d u ct  v isu a l in sp e ct io n s
• Kn o w  w h e r e  ERG s can  b e  fo u n d
• Be  a le r t , n o t  a la r m e d
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B a tte r y  p a ck  co n st r u c t io n
Helps us understand where a battery problem is located. 



K n o w  sig n s  o f  t h e r m a l  r u n a w a y
If these are seen or heard, EVACUATE the area immediately & 
c a ll 0 0 0  fo r e m e rg e n c y  a s s is t a n c e .  

Da rk va p o ur c lo ud , 
lig ht  va p o ur c lo ud
(it 's  NOT s m o ke )

Po p p ing  - b la s t  c a p s
His s / whis t le  - g a s  ve nting

Pro je c t ile s  - c e ll d e b ris   

Ig nit io n
Je t  like ,  d ire c t io na l fla m e s  

Va p o ur c lo ud  e xp lo s io n 
Vio le nt  d e fla g ra t io n

~9 0 % ~10 %

At this point, one of 
two things will occur



S a f e r  c h a r g in g  h u b s

• RCM Tick & ask for proof of electrical 
compliance

• Install to AS 3000 Appendix P 
• Review manufacturer usage instructions
• Know where the isolation switch is
• Regularly inspect for wear & tear 

Choose electrically compliant 
charging equipment & have it 
professionally installed 

If you have multiple charging units being installed, or have fast or rapid charging DC units, it may 
be a good idea to contact your local brigade or state fire agency to discuss preparing a Pre 
Incident Plan (PIP) or updating an existing one.

Consider your charging 
location 

Help emergency responders more effectively manage an incident 
involving an EV

• Can a truck access the site?
• Where is the nearest fire hydrant?
• Where is the distribution board that will cut 

power supply & who would do that?
• Locate away from flammable infrastructure
• Where will gases vent to?
• Where will water run off? 



Visu a l  in sp e c t io n s
Ask your manufacturer to provide you with a list of what to look for when 
c o nduc ting  a  vis ua l ins pe c tio n. This  may inc lude : 

• Bulg ing  o r da rk pa tc he s  in the  ba tte ry pac k c as ing
• Damage  to  the  ve hic le  bo dy
• Damage  to  o range  high vo ltage  c ab le s  o r c o mpo ne nts
• W e ar & te a r o n the  po rtab le  EVSE c ab le s

A burnt EV 
s ho wing  a re a  o n 
the  ba tte ry pac k 



K n o w  y o u r  E R G s
Your EV Emergency Response Guide is a vital tool for helping emergency 
re s po nde rs  manage  an inc ide nt invo lving  an e le c tric  ve hic le . 

The  EV manufac ture r c an s e nd  
this  to  yo u &/ o r yo u c an do  an 
o nline  s e a rc h.

Ple as e  no te  tha t Eme rge nc y 
Re s po ns e  Guide s  s ho uld  fo llo w 
ISO 178 4 0  whic h p ro vide s  
s tandard is e d  info rmatio n fo r 
e me rge nc y age nc ie s . 

Image s  fro m the  Te s la  Mo de l 3  
Eme rge nc y Re s po ns e  Guide .



B e  a le r t , n o t  a la r m e d
EV battery fires are very rare. You can keep up to date with information, 
re s e a rc h & te s ting  re s ults  a s  we  p ro g re s s  o ur p ro je c t. 

Co mple te  o ur s ho rt o nline  EV Fire  Safe ty 
fo r e -Fle e t Manage rs  c o urs e  (launc hing  
mid -May).

Jo in o ur mailing  lis t & ke e p  up  to  
da te  with the  la te s t! 



S o  m u c h  t o  le a r n  &  t e s t ...
There are a range of other issues we haven't discussed 
to d a y:

• EV id e ntific a tio n & im m o b ilis a t io n
• HV s ys te m  is o la t io n
• Ele c tro c utio n
• Stra nd e d  e ne rg y
• Extric a tio n

D ir e ct  st r e am  o f 
w ate r  o n to  d am age d  

H V cab le s, 
co m p o n e n ts o r  

b a t te r y

Su b m e r sio n Extr ica t io n  o f d r ive r  
/  p asse n ge r s

Str an d e d  e n e r gy  -
r e m ain in g So C  in  

t r act io n  b a t te r y  

Eg: m o st  su r p r isin g fin d in g fr o m  o u r  r e se ar ch  - e le ctr o cu t io n  r isk  is 
lo w e r  th an  an t icip a te d

• Vapour cloud venting underground
• Water run off
• Flame intensity & temperature
• Fire spread through buildings
• Induction & bi -directional charging



...&  k n o w le d g e  t o  sh a r e ...

Our online knowledge hub has been 
re fe re nc e d  by:

• Co untry Fire  Autho rity
• Fire  Re s c ue  NSW
• SA Me tro po litan Fire
• NT Fire  & Eme rge nc y 
• Vic  Sta te  Eme rge nc y Se rvic e  (SES)
• EPA (Vic  & NSW )
• Te s la
• Natio na l Fire  Chie fs  Co unc il (UK)
• Co mité  Te c hnique  Inte rna tio na l de  

p re ve ntio n e t d 'e xtinc tio n de  Fe u 
(Glo ba l) 

• Ins titute  o f Fire  Eng ine e rs
• Inte rna tio na l Fire fighte r Magazine
• CNBC
• Arup  Eng ine e rs

and  mo re

e v f ir e sa fe .co m



Data -d riven  ana lysis of 
ign ition  vs vapour cloud  

exp losion , the rm a l 
runaway, re ign ition

Case  stud ies of 
p revious inciden ts 

CNBC, In te rna tiona l 
Fire figh te r, The  Driven  

Presen ting  to  Austra lian  
Flee t Managem ent, Fire  
Protection  Associa tion  

Austra lia  & Ta ll 
Bu ild ings Fire  

Protection  (UK) 
confe rences

Video, an im a tion  & 
graph ic based  on line  EV 

fire  & sa fe ty tra in ing  
courses

Partne rsh ips with  JET 
Charge , VACC, Vic DoT 

...&  c o l la b o r a t io n

Glob a l e xp e r t  
co lla b ora t ion

Peer reviewed  & 
connected  with  Prof 

Christensen , CTIF, SAE, 
CFA, FRNSW, VACC,  

EPA, AfMA, Vic DoT, EV 
m anufactu re rs,  

cha rg ing , towing  & 
conversions 

Socia ls  & vid e o  
con t e n t

Video in tro  to   EV & 
ba tte ry tech

EV ID wa lka rounds 
with  review of 

em ergency re sponse  
gu ides for em ergency 

fam ilia risa tion

Da t a  a n a lys is  & 
kn ow le d g e  sh a r in g

In t e rn a t ion a l m e d ia  
& sp e a k in g

Da t a -d r ive n  F2F & 
on lin e  e d u ca t ion  



Charging site owners 
Cha rg ing  s up p lie rs

S e c o nd a ry re s p o nd e rs
Ve hic le  t ra ns p o rt  & 

s to ra g e
Fle e t  m a na g e rs

Me c ha nic s / re p a ir
Ba t te ry re c yc ling

N e x t  ste p s

De fe n c e  fu nd ing  
(Mile s t o ne  2 ) 

Ba t te ry c e ll & EV 
c ha rg ing  fire  te s t ing

2 0 2 2 -'2 4
Te s t ing  AC/ DC c ha rg ing  

with Fire  Re s c ue  NS W  
S ARET Pro g ra m

W o rk w it h  p o lic y 
m a ke rs

Bu ild  fire fig h t e r 
a w a re ne s s

Brig a d e  vis it s
Re g ula r we b ina rs



E m m a  S u t c l i f f e
P r o je c t D ir e c t o r

e m m a @ e v f ir e sa fe .c o m
0 40 9  0 40  4 9 9

ev
fir

es
af

e.
co

m

Sca n  w ith  y o u r  sm a r t  
p h o n e  ca m e r a  t o  ju m p  
to  t h e  E VF S w e b sit e  



Audience Q&A Session

ⓘ Start presenting to display the audience questions on this slide.
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