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Did you know?

Die Feuerwehr musste wahrend dem Einsatz schweren Atemschutz tragen. Aulterdem schien der
el i i dag yollen - das Model S entziindete sich immer wieder. Doch dann wendeten die
4 : Sie druchtrennten die Stromzufuhr der Lithiumbatterien. Erst nach dem |

tthey can be managed to prever firesin

(Unsicherheitals

klar ar dass es ein E-Auto |st»|'

,‘

Akku ist die m('iglich : = |
Brand bei einem todlichen Tesla-

Unfall im Tessin

il . y Elektroauto ZU loschen
Should Battery Fires Drive Electric Car;ESff the Road%i)*’““ —

Of the more than 150,000 car fires in the U.S. this year, one got all the attention L
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Motivation
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Goals

. Scientifi@lysis of characteristics bf electric vehicle fires in road

tunnels

-CComparison of the fire consequences 9f an electric vehicle and a
conventi lon engine vehicle

- lllustration of expected risk based@onsequences for future road tunne
operations

)

D

|
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Hypothesis

«Compared to conventional vehicles,
electric vehicles lead to increased fire hazards in road tunnels due
to their energy storage»
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Experiment
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Focus on battery
Test of detached battery modules
Scaling up the results to vehicle

Special attention to gas emissions


https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTkeml3MnUAhUDuhoKHc-8C4gQjRwIBw&url=https://www.linkedin.com/pulse/lithium-ion-battery-market-dynamics-opportunity-assessment-kumar&psig=AFQjCNHtQVrVgDo7nQ3xuC8_9fnuT0mTQQ&ust=1497955244848312
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi1l_-e-dLQAhWHHxoKHfkdDBUQjRwIBw&url=http://clipart.me/technology/compact-electric-car-43068&bvm=bv.139782543,d.d2s&psig=AFQjCNHAtGKizKVvz5Iv3XauV0VcUtVlAA&ust=1480680063274983
https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjsgsP7-NLQAhWFVxoKHZd-BwUQjRwIBw&url=https://www.mystorybook.com/books/179393&psig=AFQjCNGNGpzS6L_ODh1eh2YAYbJSJkaOFQ&ust=1480679991935334
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjW0JLAzcnUAhUBVRoKHRKzC48QjRwIBw&url=http://www.lovephoneshop.net/article/4/%E0%B9%80%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%99%E0%B9%88%E0%B8%B2%E0%B8%A3%E0%B8%B9%E0%B9%89%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%8A%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%88%E0%B9%81%E0%B8%9A%E0%B8%95%E0%B8%AF-%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%A8%E0%B8%B1%E0%B8%9E%E0%B8%97%E0%B9%8C&psig=AFQjCNH1seVQNttHAVOnYqN4lNNjbQk_cw&ust=1497951253585548
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJ4_D628nUAhXHLhoKHSRMDIAQjRwIBw&url=http://e-hike.net/content/samsung-sdi-showcases-new-ev-batteries-and-materials-auto-shanghai-2015&psig=AFQjCNH_l0uVf2WEWbSJEuhm92lq9rZZKw&ust=1497955128840783
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJ4_D628nUAhXHLhoKHSRMDIAQjRwIBw&url=http://e-hike.net/content/samsung-sdi-showcases-new-ev-batteries-and-materials-auto-shanghai-2015&psig=AFQjCNH_l0uVf2WEWbSJEuhm92lq9rZZKw&ust=1497955128840783

AV AMSTEIN+WALTHER

ﬁ' % Aconte.é

Test Material

) : Characteristic Description

£ Number of cells 96 cells in 8 modules

. Electrode active material Anode: Graphite | Cathode: LiNiMnCoQO,
Electrolyte Lithium hexafluorophosphate (LiPF)
Energy (gross/net) 33.182/27.2 kWh

K Specific energy (gross/net) 0.14/0.12 kWh/kg
o <5 Thermal runaway From 210 °C typical. High charge promotes thermal runaway.
36.cm "

Module (4.14 kWh)
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Scenarios

,,,,,,,,, ‘ ,, | ,,
f ‘L Detonation % Detonation :
b3
“Penetrating metal wedge” “Blunt impact with structural damage”

Heating

-

“Central, end-to-end penetration” “Constant, thermal stress”

Explosively
* formed penetrator -

b o
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I\'/Iessstandort>L uftschadstoffe —
-~ Brandstollen» — —

Versuchsplatz
urchgang stollen Sedrun»

* No dilution by fresh air
« =84 m3/s
 Road tunnel dimensions

- Safety measures

10
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Results and Discussion




Visual Parameters

“Central, end-to-end penetration” “Constant, thermal stress”






Thermal Parameters

2mAbstand  emm|nnerhalb Baterie e lnterhalb Batterie
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Temperatur(®
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Zeitnach Beschadigung (min)

“Penetrating metal wedge”

AV AMSTEIN+WALTHER

) o Ao

2mAbstand  emm=|nnerhalb Batefie s lnterhalb Battene

Temperatur(*C)
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Zeit nach Beschadigung (min)

“Blunt impact with structural damage”
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“Central, end-to-end penetration”

2mAbstand s |nnerhalb Batterie

Unterhalb Battenie

Temperatur(*C)
3

A1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 3b 37 39 41 43 45
Zeitnach Beschadigung (min)

“Constant, thermal stress” 14
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Chemical Parameters
e
Parameter Test 1 Test 2 ( Test 3! }__Jﬂﬂ_, 15 module!
(«wedge») («plate») «puncture» («fire»)
PH; [g] <04 — ———— -
F-as HF [g] 1.1 3.1 <1 <05
PO,-P as HsPOy [g] <15 <15 113 <1
Co [g] 457 567 190 364
Li[g] 107 124 42 92
Mn [g] 445 536 184 349
F- Aerosol [g] 152 160 68
NO [g] <1 1.1 <1
. NO; [g] <1 <1 <1

Neve_r mentloned, o [el - -~ =

surprisingly! €O [g] 8500 6°000 2°000
TVOC [g] 20 196 93
> Aromate [g] 1.6 8.6 3.2
Benzene [g] 1.1 3 1.6
Toluene [g] 0.2 1.1 0.5
Xylene [g] 0.1 0.6 0.3
Styrene [g] 0.1 3.0 0.5
Duration 16 min 21 min 16 min
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Changing thermal hazards?

« Energy-rich fire sources and spectacular effects

« High temperatures will lead to vehicle fires

« But: “Vehicle fire remains a vehicle fire”

1400

* Design standards still valid ™
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Changing chemical hazards?

« Smoke is toxic anyways, but...

Pollutant Formula Description®

Hydrogen fluoride HF colourless gas with pungent odor, very toxic

Phosphorus oxide fluoride POF; colourless, pungent smelling gas, undefined toxicity ([49])
Phosphoric acid H3PO, colourless and odourless solid or liquid, toxic

Volatile organic compounds VOC carbonaceous substances, typically present as gas
Monophosphane PH; flammable, toxic, colourless and odourless gas, very toxic
Heavy metal aerasols Li, Co, Mn Dusty residues in the air, very toxic

* ...new substances and potential contamination risks

Table 4: Chemical hazards in a room with 1000 m® (# road tunnel)

Substance Concentration (mg/m?) IDLH-Value (mg/m®) Q
Co 17100 20 55
Li 300 0.5 600
Mn 17100 500 2.2
F- Aerosol 400 250 1.6
cO; 1217000 727000
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- Safety equipment in tunnels sufficient!

* No extinguishing, only cooling: lots of water

* New potential hazards in underground infrastructures

18
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Thank you for your
attention.

urs.welte@amstein-walthert.ch




