LITHIUM-ION BATTERY CHALLENGES FOR
THE EASTERN TRANSPORTATION COALITION
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Bob Swaim - Accident Investigator
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Topics to Cover For a Common Baseline

Whatis an EV?

» Low versus high voltage

» How does a battery work?

EV market penetration
» In sales and compared to ICE

» Numbers of highway fires by State

EV vs ICE Rates
> Vehicle identification can be hard!

» 1SO 17840 and SAE J3108/1

Unrecognized Issues

> Lithium-lon in commercial vehicles and trains

Fire, smoke, and flammable gas
» Explosion risks — Don't rush ventilation

» Basic firefighting concepts and tools

Structures and charging stations

> Tunnels

ICE and EV fire exposures have different risks

» Cleaning turn out gear and PPE (NFPA 1851)

Resource list
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Four Versions of Lithium lon Battery Power Vehicles
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Yellow Low Voltage —

Electric vehicies move by power of a traction battery

Normally have TWO batteries,
1. Cabin, Airbags, Restraints, etc

2. High Voltage (HV) Traction typically 350 to 900+ V

HV Battery

Ford E-Focus  Charger Motor

OLDER "INTEGRATED" STYLE

12V Battery

Inverter

BATTERY/MOTOR "ROLLER SKATE" HowlItBroke com
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A Hybrid or EV May Have Three Fuels

, Tesla Model 3 Electric Vehicle
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EV Fire Progression
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o Popping - gunshots Dark vapour cloud, Jet like, explosion:
f Hiss/whistle ~.gas.venting light.vapour cloud directional.flames Violent.deflagration
- '‘Cherry bubblegum' smell (it's NOT smoke)
: Projectiles -~ cell debris
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Batteries Are Not New
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Common Chemistries Of Lithium-ion Batteries In EV Use

Other non-lithium chemistries exist, such as NiMh in Toyota C-HR and Nissan Leaf

D) Specific power

f NCA — lithium nickel cobalt aluminium oxide (1999),

g NMC — lithium nickel manganese oxide (2008), " -

'S LFP—lithium iron phosphate (1993) (aka LiFePO,), Thermal Stability N Specific energy
- LCO - lithium cobalt oxide (1991),

= LMO — lithium manganese oxide (1996),

w0l LTO - lithium titanate oxide (2008).

NCA - Highest energy. Low mfg cost. TR history.
Source issues' [RussiaNickel, CongoCobalt]
Early Tesla models C rate

o

Safety

NMC :-High energy: TR history.
Source issues [Russia Nickel, Congo Cobalt]
Rivian
Jeep 4xe
BMW iX3
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LFPLLongerlife ' Thermal stability. Lowerenergy 'density
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How A Lithium-ion Battery Functions

Four Components

Separator
Porous polypropylene membrane Lithium salt ions move in electrolyte

Cathode (+)
Aluminum foil with porous oxide coating
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Potentially vulnerable points
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Thermal runaway process

Plastic separator melts
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Vapes Cause Injuries And Fatalities

Aluminum

Bursting case becomes shrapnel
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EV Market Penetration
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EV Sales And Penetration

U.S. EV sales are growing fast, but they're still less than 10% of new car sales EV SALES ADOPTION | Uneven, An Opportunity
o Quarterly sales of new EVs in the U.S., 2013-2023 ¢ 1etrat f EVs in some states suggests product knowledge, value proposition and
% consumerinterést {acking
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Cost To Build Approaching ICE

EV prices are inching closer to the industry average, which is dominated

by gas-powered cars l EVs will be cheaper than fossil-fuel vehicles in Europe by 2025-2027
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- Average transaction price for new cars in the United States
e == All new cars == AllEVs - Tesla Medium cars
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Tesla Continues To Dominate Sales — And Fires

Make 2019 2020 2021 2022 2023 2024 Jan-Feb
> Tesla 79.9% . . 76.6% . 66.2% - 58.6% . 562%. . (55.8% > Shouldinfluence training
¥ Ford 0.0% 0.0% 7.0% 8.6% 6.7% 6.8%
S  Mercedes-Benz 0.0% 0.0% 0.0% 1.3% 3.9% 5.0% \
P Rivian 0.0% 0.0% 0.1% 3.5% 3.8% 4.6%
L, Hyundai 0.6% 2.9% 2.8% 4.8% 5.0% 3.9%
. Chevrolet 7.3% 8.9% 6.4% 5.3% 5.8% 3.8%
- Kia 05%  13%  16% . 50%  _ 23% 3.7%
;““ BMW 0.0% 0.0% 0.0% 1.1% 1.8% 2.5%
:E Volkswagen 2.2% 0.3% 4.3% 2.9% 3.5% 2.5%
o Cadillac 0.0% 0.0% 0.0% 0.0% 0.8% 2.4% ‘
: Nissan 5.5% 4.1% 3.7% 1.7% 1.9% 2.0%
ot Audi 2.4% 3.0% 3:4% 2.2% 2.0% 1.7% 44.1% Combined
- Volvo 0.0%  0.0% 1.1% 1.1% 1.1% 1.1%
we Porsche 0.1% 2.0% 2.2% 1.2% 0.7% 0.7%
g Toyota 0.0% 0.0% 0.0% 0.2% 0.9% 0.7%
w GMC 0.0% 0.0% 0.0% 0.1% 0.3% 0.6%
o Lucid 0.0% 0.0% 0.0% 0.6% 0.5% 0.5%
r Lexus 0.0% - .0.0% - 0.0% - . 0.0% . 05% 0.5%
oy Subaru 0.0% 0.0% 0.0% 0.1% 0.8% 0.4%
= Genesis 0.0% 0.0% 0.0% 0.2% 0.6% 0.4% /
i Polestar 0.0% 0.0% 0.8% 1.3% 0.6% 0.3% i3 HowltBroke.com
=§ Source: Edmunds sales data as of March 6, 2024 & 8



Why This Emblem For Tesla?

One coil winding and stator of an electric motor
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The Biggest Reason EVs Sell Is Personal

Actual examples:
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o 2023 Hyundai Tucson 2020 Chevrolet Bolt 6 Ford Transit

E @

Cost $27,000 (new) $27,000 (new) $16,000 (used)
MPG 28 mpg Q% e—m@ 16 mpg
&

Cost to fill/charge S 45 S 5 80
>t charg 12,000 mi/year > 6.85 (h{)“ ) > o
Yearly Cost $1,500 $ 316 $2,625

$3.50 gas 5$.146 kWh
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Expectations vs Reality of ICE vs EV Events

Where do Most Vehicle Fires Start?

o)
: L = s
= a com o
';) I C E v E':)%i:,ch’ e‘l?;ﬁgzm Passenger compartment Trunk or cargo area
: 62% 12% 5%
w§ CN Consumer
o Notice.org
r 3 ICE fires: 8.5+ years old and occupied
o=
Oy
: Mnlmramfl 5T
CAR FIRES BY e
VEHICLE TYPE % L.
Wi
% Rank and Fires Total
EE FuelType (per 100k Sales) Fires
R
w? 1 Hybrid 3,474.5 we— 16,051 se—
. 2°GAS (ICE) "] 71,529.9 s 199,533 miieiiimmisia
-4 3 Electric 25.1 = 52 =
£ !
w2
- EV fires: Initial 18 months
b 44% Parked or charging, generally unoccupied HowltBroke.com
= ]



~60.9 ICE Fires Per EV
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Estimated Total EV Highway Fires Per Year By State

Based in: Extra Info
=) State
,f State highway hlghway 2 1-95 State portion of
‘;) (6.0:9:1) ai' '(6;0'9':1) a'lhl all I;‘_igh!vay hig'hway fires registered registrations State EVs |‘?5 total I—095
< highways hlghways*’ Tires? per year (2022) vehicles 2021 (2021) (2021) miles miles
= FLORIDA 0.39 142 8640 19180165 0.0093 178376, ..382.15 020
=2 PENN 0.22 81 4922 10927881 0.0047 51361 51 0.3
mj NEW YORK 0.19 70 4238 5408796 0.0075 70566 DBIG.com gyt
at GEORGIA 0.19 68 4118 9142656 0.0063 57599 112 0.6
'=.  NO.CAROL 0.18 64 3922 8707506 0.0051 44408 18136  0.09
zg VIRGINIA 0.16 57 Would 3447 7652036 0.0074 56625 178.73 ... 0.09
a: NEW JERSEY 0.13 46 need to 2815 6249905 0.0122 76249 97.76 0.5
‘;5 MASS 0.11 39 know -85 2346 5207052 0.0091 47384 91195 " 0.05
==  SO.CAROL 0.10 38 percentage ;04 5091679 0.0027 13748 198.76  0.10
“°  MARYLAND 0.10 36 ofall 2212 4910674 0.0091 44687 11001  0.06
E% CONN 0.06 20 hifg\tl\;izs 1242 2756485 0.0075 20674 110:57 com 0,06
3; MAINE 0.03 10 625 1387656 0.0041 5689 303 0.6
o:  NEW HAMP 0.03 10 639 1417949 0.0051 7232 16.11 " 0.01
ff; RHODE ISL 0.02 6 361 801654 0.0049 3928 4236 0,02
;E DC 0.01 3 164 363287 0.0185 6721 0.11 0.0
r 3 U DELAWARE 0.01 3 213 472175 0.0059 2786 2348 com 0,01
3 * FIRS Data does not break-out causes for EV vs ICE. HowltBroke com
§§ * Does not account for other EV fires involving residences or other non-highway events



|dentification Can Be Hard!
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Hybrids With Minimal Or No Badging May Surprise Responders

Ford Hybrid Explorer Interceptor

BMW 530| Jeep Grand Cherokee
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Mis-ldentification Can Be Hazardous

RS Important to back off if venging Samsung SDI cell lot found defective
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New York First State With Legislation To Mark Vehicles Per SAE
SAE Issued Recommended Practice 13108/1 on March 1, 2024
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Electric Vehicle Firefighting Has Differences

J— Call Center Need to adapt existing formal written risk management plans
? Bro<e.com\.Ho Locatlon,
- k 4 general d'mfa!!s” (If possible with Li-ion)
% — ‘%ask for vehicle (Assume Li-lon) Passive (Let it burn):
T
= While driving: Ww Assess scene \m( Evaluate hazards WW(Command deCiSiO”} :\;glgf:;pants
wE Find Rescue Sheet 7| IDvehicle |7 L Fire/chem/elect |7 LActlve or Passive /» No smoke threat |

@ Water unavailable)
Stabilize vehicle
Chfock—Pa rk-Park-Off

) 4

o

iMma2241m %:j
as source. All rights reserved.Tu

TV A VR Bidakercaies s \siuaHoVEN BLakenat . He A {
Procedures are changing fast Active:

Previously called for universally cutting cut-loops \‘
- N

»

Tesla & GM now'—= Only cut firefighterloops if necesssary
Occupant Rescue Firefighting ‘
Tesla was silent on submerging — Now recommend against \ / 4
Oversight
GM — Flooding cabin can cool some batteries (Ultium) Person Cool 1

(Monitor) J
Tow ;' (Do not'turn wheels)

Lilon:"13% Re-lgnite so'be‘ready

https://www.evfiresafe.com/ev-fire-reignition

Prepare and equip driver

HowltBroke.com

May ony be copied or used with acknowledgement of www.HowItBroke €om

HlowliBroke_ . comm Ene

Adapted from https://www.fmcsa.dot.gov/sites/fmcsa.dot.gov/files/training-high-voltage/story html5.html = o
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HV Disconnects Are Not Standardized

1. Pull plugs by hand (typically hidden)

= 2. Cut loops requiring cable cutter

= 3. Cut loops requiring circular saw

- 4. Twist knob by hand (typically hidden) [ HOWF H‘éwx‘}i}
I e , Chevy Volt :
5. Fuse - hard for gloved hand 7 Ford Focus

.JthHothr e com W

—

4. Ford Escape

om www.HowltBroke.com swww.HowltBrokd

g &
Une 1, 2024

>

ineefri1ne¢

f
www.HowltBrokexcom w N
5

¢ 7,
~x7 |
www.Hew|tBroke. Wil HowItBroke.com _nani

I

>

www.HowltBroke.com

m as source. All rights reserved.

g
.CO

www. HowltBroke.com

E @

gy VAAAAL'A
CUT HERE +
DECOUPER ICI

E.com Mw&owltBh. b~ www 40

May ony be copied or used with acknowledgement of www.HowlItBroke

MlowliBdroke . <o

@Jral cut Ioop

Tesla secondary st




International Standard ISO 17840 Provides Standardized Info

Standardized Info For Procedures

Standardized Colors & Symbols For Fuels

o CONTENTS
-
> « rogm www.Hov\mgéﬁ!hﬂ www.HowltBroke.com www.HowltBroke.com www.HowltBroke.{
= 0. Rescue Sheet Page
1= RED GASOLINE
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- 1. Identification / recognition Page GREEN GAS
~ WHITE .| CRYOGEN LNG
32 2. Immobilization / stabilization / lifting Page BLUE HYDROGEN
o 3. Disable direct hazards / safety regulations Page
-2
swm © NG o L\ ' mw
mg 5. Stored energy / liquids / gases / solids Page & ©
=
Wi D
Z . In case of fire
i
o
v % . In case of submersion
fgg 8. Towing / transportation / storage Page
w:
E
o= 5 9. auparlant additivnal infonsation Page
- 0
B HowltBroke.com
3 § 10. Explanation of pictograms used Page
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ISO-17840 Standardized Graphics, Pictograms, And Colors
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Less Recognized Battery Fire & Explosion Threats

HowltBroke.com
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1 in 8 EV Fires Are Commercial Vehicles — Fleet Is Increasing
Trucks and busses s g9, Truck

Bigger batteries operating with or near greater numbers of people 6.6% 4

Bus
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Rail Could Interupt 1-95
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Isolation Zones Must Increase For Rail and Commercial Vehicles

o))
$ For single car establish 150 ft radius Increase for commercial and rail vehicles
- Alter for wind and other conditions to the smoke affected area
. Pote N W
- itadel ra%frocm@e assy
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Li-lon Battery Transport Fires/Explosions Now Occur Monthly

AN HowltBroke.com w
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Recycling Transport Lithium-lon Fire Losses Occur Daily

Fires Vastly Outnumber Explosions

Trash trucks and collection point fires experience fires daily
California found 65% waste facility fires started by lithium-ion batteries.

Seattle FD responded to 79 lithium-ion fires in the last two years.

Freaining

&
ne 1, 2024

Result: In January 2024 Seattle joined others banning all batteries in trash.
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External Markings Frequently Not Applied To Inform Firefighters

m 1 I ) 7 4 J) @) Y M 3 g A L 8.0 ATAAY ¢ y = ) WY il 8 i1 4 W
_ |Required Hazard Communication - § 172.102, Special Provision 389 (see Guide 10 diagram for additional details):
S
‘: + cThe batteries inside the cargo transport:unit.are not.subject any marking on labeling requirements.
=
s e The cargo transport unit must display the UN ID number (3536) on an orange panel, white square on point, or a Class 9 placard.
= : R S gesota i S ga . b ol
w The three options fordisplaying the UNID‘number are' dispiayed in the diagram below.
T
- * The cargo transport unit must be placarded on two opposing sides with the Class 9 placard. -3
WAl | tBroke.com  www.HowltBEoke.com www.HowltBroke.com
83 « Transportation by aircraft is forbidden, unless approved by the Associate Administrator. -
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f placard
3536 in a class 9 placard of placard)

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2021-09/Lithium-Battery-Guide.pdf Guide 10

Individual
packaging HowltBroke.com
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Fires, Smoke, Flammable Gas
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Four Types Of Battery Fire Or Explosion Hazard

1. Free burning fire. Flammable gas finds igniton source

o))
- 2. Jetfire. An example would be electric vehicle vents

=
> 3. Flash fire. Sub-sonic flame front through flammable gas cloud

=
= 4. . Vapour cloud explosion. Vented gas in flammable range ignites and

- develops pressure, May be supersonic flame front or may be pressure
b build-up in an enclosed space.
o Vapor cloud exploded in parked box trailer
W
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:‘; Free burning cell phone on hot dashboard Jetting 787 Battery in NTSB test
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Some Gas/Smoke Constituents Heavier Some Lighter

Combined LiB gas/smoke by battery type and volume

122} owltBroke.com %vw HowltBroke.com www.HowltBroke.com www.Ho hoke COK SNWW. tBroke com
- (100% SOC) an’Air”| Flamm
¢ LFP NCM523 Methane Lighter 5-17%
;) Combined Flammables ' G . 59
67.89% 36.5% Hy Hydrogen Lighter 4-75
— 100 .
| S C,H,  Ethylene Lighter 2.7-36%
N . : B co, HENco NV,
R -, -, : .
o ‘ 23% Acetylene (LiCoQ, FAA) Lighter 2.5-100%
@) 3
@:% 80 - H,
- 0 i Carbon Monoxide Diffuses
(O Ty
i < H : C
O < 60 - 2 34% Cyclopropane (LiCoO, FAA) Heavier 2-11.1%
ey g o, o cop R iBroke cs S
> = Ethane (LiCoO, FAA) Heavier 3-12.4%
= e
s E 404 isobutylene {LiCoO, FAA)  Heavier  1.8-9.6%
E Q
=: . -n o - -
T 24% CsHg  Propane (LiCoO, FAA) Heavier  2.2-9.5%
co, || 32%
o 0.7 o CsHio Butane (LiCoO, FAA) Heavier  1.8-8.5%
2
¢ 10% . .
rY - » CEH6 Benzine Heavier 1.2-8.6%
3 o
hi 7% 8/0 C2H4
(- 0 T T T
- LFP NCMS23
gg Source: Thermal Runaway Characteristics and Gas Composition Analysis HOVV ItBerecom
® § of Lithium-lon Batteries with Different LFP and NCM Cathode Materials under Inert Atmosphere .
=i https://www.mdpi.com/2079-9292/12/7/1603 . |



UL FSRI Test: Intentional E-Scooter Overcharge in Bedroom

ﬂ, ll(m
Hydrogen ignites first
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14 Ga Steel (0.75")

Explosive Force Is Created In Contained Spaces

Batteries underway to recycle
may fill space with hydrogen gas

20 |Ib Barbecue propane container has explosive
force of about 100 kg (220 Ibs) of TNT

o)
=

10

el

BBQ Propane Tank, Vancouver, BC

- S
b QWIEBIOke .copg. Ww

S Lithium batteries, Houston, TX
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Volume of Gas Production In Enclosed Space?

—> Propane Tank 20 GaIIon = 167 ft3 167 ft3
55 Gallon Drum 7.35 ft3 holds up to 864 (50% SOC)

= " v & o} Ca ~y 14
3 e 8,589 cells (2170) to 2,729 ft3 =396 Lbs TNT
.h bwitBroke.com www.How m%mm:roxmIi:mmmm=rovmi:mmmm:mmmm:mnmmmm:mmm e .Co AW @» 2 7_8 4%
ot Each cell can generate gas for 45 minutes
v bwltBroke.com ‘www.How Tra I e r

o

%] iMma2241m Q
‘¢om as source. All rights reserved.Ju

Volume

One cell
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ﬁ
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Up to 9 Liters at 100% SOC

"C.\ N
www.How\tmom WV HowltBroke CO R ot

2.85L @ 50%
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Note: NCM = 3.3 L/ Ah
NMC=1.2-2.5L/Anh

https://www.mdpi.com/2313-0105/9/6/300
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Firefighting and Tools
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Water Is Best Resource BUT Plan For 3,000+ Gallons

Water in vehicle cabin typically does not reach cells

2] ' i DT SV ] . . e 1 I ) ] )
- The body is like a boat and separated from the sealed battery beneath
=
3 This will address the body plastics fire (Class B)
= .
v Because water will not reach cells
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Cool the bottom

If the battery is the fuei

B ON™eOMm _audie
4 .

—

Layers are between cabin floor

and top of sealed battery case HowlItBroke.com
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Tools: Do NOT Puncture Or Damage Battery Case

No vehicle manufacturers endorse tools being marketed to inject water
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Submerging The Battery

')

ining

)

European city method for fast extinguishment which addresses both battery and plastics

Some ERGs permit this while Tesla and other makers state not to, due to hydrogen and re-ignition risk

Water electrolysis may create flammable gas on surface or after removal, salt water worse than fresh

No electrical risk
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9
.June 1, 2024
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m as source. All rights reserved
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May ony be copied or used with acknowledgement of www.HowlItBroke
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Whether intentional or due to floods - Recover to open area and isolate to dry out

NOTE: Water becomes haz-mat after submerging vehicle
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Purpose built

Ad hoc using a dumpster
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Tools: Emergency Plugs

Available from multiple manufacturers
Roughly $S800+

Consider for EMS calls when integrity of vehicle itself is not in

question.
Not for use in fires or when orange HV circuits are exposed.

PRO:
Immobilizes vehicle by going into charging mode

)

ONS:
1. HV circuits may be energized outside of battery case
2. Does NOT work on all EVs

.
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Parking Garages, Commercial

» Beware vapor clouds and potentialiy flammable smoke

> - Beware entrapment due to smoke or flashover from vehicle to vehicle

=]

= .+ Ameans to vent smoke is required. Building power may fail due to short circuits.

=

's .+ Prepare for vehicle to vehicle spread unless countermeasures are taken (blankets, panels, copious water)
= -

= < Plan minimum 3,000 gallons water for EV versus 1,000 for ICE

@« Qverall fire size in heat release is roughly equivalent to ICE, peaking at about 8 MW per vehicle

s » Each flashover results in adding again this amount of heat energy

e « EVs take approximately 6 to 49 minutes to extinguish compared to 5 minutes to extinguish a typical |
® ICE. About 13% of EVs re-ignite.

D

=: + |CE tends to have a single peak heat release rate (HRR), followed by a steady reduction as the fuel and

combustible components of the vehicle are burnt. EV fires tend to have two peaks: one when the
combustible materials in the car ignite; and another when the battery becomes involved in the fire.

| Loadbearing elements of the structure may have fire resistance periods of only 15 minutes,
increased to 30 minutes where those elements were designed to protect means of escape.

«Chains may be used to drag out vehicie or create fire breaks

“

Ref: https://assets publishing.service goviuk/government/uploads/systern/uploads/attachment data/file/ 1168956/ covered-car-parks-fire-safety-guidahce-for-electric-vehicles.pdf HOVVIIBTOkecom
Ref: NFPA 88A Standard for Parking Structures -
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1168956/covered-car-parks-fire-safety-guidance-for-electric-vehicles.pdf

May ony be copied or used with acknowledgement of www.HowlItBroke €om as source. All rights reserved.
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Tools: Car fire blankets are tools for specific tasks
PROS:

= May use to isolate vehicles in enclosed spaces or next to other vehicles

= (Can contain or be used to redirect flames

. May smother burning plastic and other materials to reduce temps

=

SE

= CONS:

'z For smoldering cases a blanket can trap hydrogen to create expiosive environment beneath
o — N . .

». Does not halt an EV battery fire
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Charger Hazards: o AR _' -
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Tunnels — Need Both Plans and Tests

The "fuel" will not burn off as fast as petroleum fuels
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Figure 11. Heat release rate (oxygen consumption calorimetry) for the three vehicles.
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Differences in ICE/EV Smoke Hazard

Toxic AND Flammable
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Two Fires On |1-495 near Seattle

ICE fire, 10/3/2023 13% of EVs reignite
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ICE and EV Gases Similar In Burn Tests

Table 4: Gaseous emissions data, ratio of produced mass to the total produced mass of those gases.
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Car 1 Car 2 Car 3
Relative emission {% of
total]
Acid gases
"Yd“’%;"c‘l’;‘b"d" 0.38% 0.29% 0.33%
Hydrogen flueride (HF) €.12% O011% 0.07%
Hyd“;ffgga‘“de 0.03% 0.02% 0.05%
Carbon and nitrogen oxides
Carbon dioxide (CO:) 96.54% 96.95% 97.33%
Carbon monoxide (CO) 2.29% 2:11% 1.94%
Nitrogen oxide (NO) 0.13% 0.1% 0.15%
Nitrogen dioxide (NO.) 0.06% 0.06% ’
Sulfur dioxide (803) - - 0.13%
Hydrocarbons
Total hydrocarbons | 0.45% 0.37% [ -
Table 18. Gas compounds measured from the exhaust duct.
Gas measurements iICEVA BEV A BEV B
COz, [kg]/ [g/lost g] 344/(1.4) 335/(1.4) 438/(1.1)
€O, gl /[mg/lost gl 6420 /(25.5) 7790/(31.5) 9510/(23.8)
THC, [g]/ [mg/lost g] 2370/(9.4) 3130/(12.7) 2750/ (6.9)
HF, [g] / [mg/lost g] 11/(0.04) 573/(2.3) 859/(2.1)
HCH, [g]/ [mg/lost g) 1100/ (4.4} 1590 /(6.4) 1800 /(4.5
HBr, [g] / [mg/lost g] 18/(0.1) 115/(0.5) 88/(0.2)
HCN, [g] / [mg/lost g] - - 155/(0.4)
SOz, [g]/ [mg/lost g] 479/(1.9) 575/(2.3) 645/ (1.6)
NO, [g]/ [mg/lost g] 452/(1.8) 371/(1.5) 617/ (1.5)
NO2:[g] /[mg/lost g] 44 /10.2) 25/(0.1) 76/(0.2)
PAH, [g] / [mg/lost g] 112/(0.4) 29/(0.1) 334/(0.8)

https://ineris.hal.science/ineris-01853334/document

ICE and EV both are now up to 40% piastic

w HF is-a strong-inorganicracid found-in -smoke for

Li-ion battery fires at levels approaching 600

ppm.
The-immediately dangerous tolife--andhealth
(IDLH) concentration for hydrogen fluoride is 30
ppm.
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Heavy Metal Hazards in EV Smoke Embed in Soft Tissues

Conductive lithium lons and metals make smoke conductive

o) =
9 5000 X
-
£} i 0 N IOS H ReCO mm e‘n d ed 5 Table 19. Soot particles and substances on these particles measured from the exhaust duct, and
z “4oUo Ex posure Limitof 0.05 m g A :ir\t.lacn‘zzscs from the burnt venicies. Results expressed as weight of substances per totai weight of
4w H
er cubic meter over an 8-
S 400 o EO ur exposure L Particies T Dry, [Kg] 'C%A B‘lEO.v'I'A B157\.,0B
= P ' Lithium,[mg/g] | 0.03 12 32
= Aluminum, [mg/g] 0.5 8.5 1.5
350 9 Cadmium, [mg/g) 0.003 0.004 0.002
< Cobalt, [mg/g) 0.003 24 12
C Metals Chromium,[mg/g] | 003 0.07 001
- 50 200 4 Copper, (mg/g] 0.9 1.4 0.9
=5 + Manganese, [mg/g] 0.1 26 9.3
r g Nickel, [mg/g] 0.03 45 12
=] g Lead, [mg/g) 20 0.4 0.2
swm g R0 COZine, {rg/g] O\ LDI0KC C22) WU o7 BTo] 20
i — m|CEVA Fluoride, [mg/g) 0.2 18 4.3
3 Anions Chiloride, [mg/g] 26 17 18
¥ 2 WBEVA Lo o il Bromidedmggl - 23 .. 16| .83
() Organic compounds PAH, [mg/g] 10 0.03 0.5
= mBEVB Ash ICEVA BEV A BEV B
. o Fluoride, [mg/g] 0.02 0.2 0.1
Anions Chloride, [mg/g] 31 62 16
Bromide, [mg/g] 0.4 0.07 0.5
<t This work by RISE Research Institutes of Sweden is, except where otherwise noted, licensed under CC BY
Ht® WO 4.0. To view a copy of thisiicense, visit ittps.//creativecommons org/licenses/by/40
WH o
NFPA 1971 technical committee is currently

considering an Restricted substnaces Listof

chemicals and specific levels for those chemicals

Figure 13, Total amounts of metals and anions on soot particles. HowltBroke.com
http://ri.diva-portal.org/smash/get/diva2:1522149/FULLTEXTO1.pdf
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Initial Battery Smoke Content (Think plastic fire with nasty additives)

Some variation with constituent materials

o)
= NTSB spectrum analysis by UL of release from burning batteries found:
. Carbon Monoxide
PSRN > Can not breath _
. Carbon dioxide b
T drogen (up to 36%) >
5 Myarégen(uptoo5070) ™ \/ T
=. Methane Can ignite >CLBA MANDATORY
& > /A _
:: -Rthylene </ |COVER ALL 5KIN
= Acetylene y
= __
= HO /o~ | PROTECT BYSTANDERS
. Dimethyl carbonate Qéy
»  Ethylmethyl carbonate Hazardous Materials |__
s Eye &lungirritating acids
= Soot may contain cobalt oxide, nickel oxide, manganese oxide, and other heavy metal

E‘i skin irritants 59 HowltBroke.com

Source: https://www.ntsb.gov/investigations/AccidentReports/Documents/NTSB_Battery_Tests_Report_Nail_Penetration_15C_Grounded% 14)_Redacted.pdf
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Cleaning Gear (NFPA 1851) Is A Major Challenge

Prevention is best - Try to remain upwind

Heavy contaminants bond to fibers

Inorganic acids attack materials
(example: Hydrogen Flouride becomes hydroflouric acid)
EPA/UCLA Testing not yet published. Found antimony, lead, etc

Thereis not a good or tested method for cleaning PPE and gear

Typical extraction and wash methods do not remove heavy contaminants

LCO2 is currently best method per testing at SWRA with TEEX (Texas A&M)

Test results to be published July 2024

e VReadcRs ol Ty
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Ref for more info: https://www.mdpi.com/1660-4601/19/19/12442
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Resources

NFPA www.EVSafetyTraining.org

>) Training developed with manufacturers, agencies, and organizations
k. Extensive resources
g Online info, classes online & in person, field emergency guide
& .
- Energy Security Agency | o . 855-ESA-SAFE (855-372-7233)
= 24/7 Call center while working on site (no charge), online info, classes on-site
*2’ Emergency Response Guides (Free on pc, phone, or tablet) www.autorescueapp.com
f UL FSRI www.ulfirefightersafety.org
;ﬁ, Firefighter Safety Research Institute
f’f Firefighter research and training is online and free
mé RA"— . _ www.askrail.us
= Lists contacts and cargo in each rail car
§§ Australian Government EV data and training resource website www.EVFireSafe.com
v
e.ig Battery recycling with instructions https://www.call2recycle.org
L
E SAE J2990

Hybrid and EV First and Second Responder Recommended Practices
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