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DEMOBASE Project ID and Rational

C Real market penetration of e-mobility worldwide
depends on:

A drastic reduction of costs
A increased performances, not forgetting safety (overall, fire safety)
A increased availability

Y faster evaluation and integration of innovative technology of key
components of Evs

C H2020 DEMOBASE project

A DEsign amd MOdeling for Improved Battery Safety and Efficiency
A Organized in a closed loop mode
A Objective:
A implementation of innovative and continous process for integration of new active

materials, component and cells iin EVS by use of multi-scale modeling and
testing integrating battery management, up to performances check on purpose-built

real car!
INCRIS
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C UE grant # 769900, RIA type of project

C Priority addressed: GV7-H2020: multilevel modelling and testing of
electric vehicles and their components

C Consortium: 11 partners, around lead French battery manufacturer

C Scientific coordination SAFT (F)
C Project management: K&S GmbH Projektmanagement (G)
C WP leader safety: INERIS (F)

C Estimated projectcost:. 7, 451, 520 U

C duration: 36 months, started 15t Oct. 2017 -
¢ URL: www.demobase-project-eu
C Contact: info@demobase-project.eu
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http://www.demobase-project-eu/
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The fire safety challenge In rello

runaway hazard
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SEl plays a role on the safety

anode side

Electrical

Abuse material

l decomposmon

LNO
LCO
From Feng et al, Ener. Storage Mater.10 (2018), Ol)?;ér:tll)gﬁ mﬁé
246 - 267 LMO
U Need for better understanding and /(l) (frolm material) LFP
. . trolyt ti
modeling of the TR for each chemistry, SEl decaiiipsitin — fo.yefeac ion
including most reactive cathode materials ! = initiator of the thermal runaway  cathode side

Diagram credit : LRCS, UPJV, France

U Better battery SOH prediction and improved
safety management devices

i  System safety also needed, BMS duty, but not only INCRIS
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C Preliminary paperwork (first round completed):
A Accident review
A PRA
A BMS (fire) safety management optimisation (pending)

C Experimental approaches on key EV components

A Cell components, battery cells & modules, packaging materials
A Feeding component/cell selection, package design and modeling needs
A Started in 2018

C Fire safety related Modeling

A Multiphysics, multi-scale, multi-tools approaches, multi-objective
A Pluri-partners synergism seeked for
A Work started at IFPEN, SAFT and INERIS on EES level
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Preliminary Risk Analysis (EV deplOyment)

From a full value chain perspective

C Methodology based of previous studies

A Review of past accidentology of lithium-ion batteries with a focus on EVs

A Scenario-based PRA, starting from EV/energy storage design to end use
and recycling

Already existing studies

(awst T

STANDARDIZATION ROADMAP
FOR ELECTRIC VEHICLES

VERSION 2.0

Prepared by the
Electric Vehicles Standards Panel
:’::rican National Standards Instiute . A 2013 I N E_RI S
INERIS — June 2011 ANSI| — May 2013
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Accidentology review: methods

C Examination of incidents/accidents from lithium
batteries (LI-ion and Li Metal Polymer) identified from
various sources relating to e-mobility

A

A

T\

A

Screening existing official databases (eg ARIA), or accessing data
originating from blogs (www.wreckedexotics.com/)

Expert network use
Internet searches with web browsers
Purpose-buit database implemented for DEMOBASE partners

C Possible biais in the analysis due to uneven access to info and
reliability issues, at world level

C Databases built up in the project did not dig in issues
about consumer marketbat t er i es, & m
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http://www.wreckedexotics.com/

Incident! ac- | Uate Location Type of batteres! | Causes Conse- Bummary of the incident
cident type vehicles qQUENCES
[Fre (sho- | 1@ 0iZ | Sama | Bar- | L-ion Dabnery pack | Danery  pack | £ employees | A Danery Unk USed on Nesopoiian [Tansi LSTcT DUSESs Caught Tie dunng ks siWage at e |
rage) 016 bara™[LISA) used in MTD | internal  short | received MID maintenance yard. MID employees noticed smoke coming from the batteries, and at-
buses caused by | medcal at- | tempted to put the fire out using dry chemical extinquishers and a Class [ Metal extinguisher.
dripping waker | tention after | Santa Barbara Ciy firefighters and the Hazardows Materal Unit were dispaiched o the
at a storage lo- | being ex- | scens. Fire investigators say the fire appears o have been caused by 3 smal amount of
cation posed to | waterleaking through the metal roof and onto the batteries, whichmay have caused an ex-
smoke ternal short betw een the battery terminals
Fre (drwing] | 02 10i2 | London [URJ= | Couble-decker hy- | Unknown RO severe | A doutle-decker hybrid bus burst nio Tlames outsioe Sireat Staton in London. No
016 brid bus casuaiies. passengers were on board 3t the fme, and the driver alighted safely. Videos and pichures
Criver show smokes and fire from the rear of the bus. The bus fire was Gter extinguished by the
treated for | London Fre Brigade leaving 50 percent of the vehiclke destroyed. The cause of the fire was
smoke nha- | unknown
lation
Hre (drwing) | 200002 | Maryland= Fredenck Uounty | Assempdy de- | Mo njunes A firen the rooftop babiery compariment of an elecinic bus occurred on 2ept. 27 w hen dmye-
016 (LISA) TransT bus - L | fiect (Faiied ing (w ithout passengers on board). The driver wentout of the vehicke safely. t took one
ion {fully eleciric) glecirical con- hiour o extinguish the fireby Fire and Rescue services_ A failed elecirical comnneciion near
nection near the positive terminal of the baftery ked to a rise in temperature. The rise in termperature was
the posie caused by an improperly crimped wireon the roof of the TransT buses w hen they were be-
temminal of the ing assembled. The temperature at the fauly elecirical connection led to an ncreased tem:
battery), tem perature in the nearby battery cells, whichthen led to "a cascading chain of cell falures™
perature  rse The higher temperature w asntreporied because of a loss of fiber-opic communication be-
and cells ther- tw e=nthe batiery and a systemthat monkors data forthe wehicle, few days before. The
mal runaw ay county's four other ekctric beses were temporarily taken out of service w hile they were n-
spected for simiar problems, but were placed back into servicew henno problers wers
fiound.
Since the fire, the county has methods fo send an alert when temperatures rse and softw as
cn all buses o notify them when modules fail.
Fire (o dais J.Jr?' hhriuia Li-ion BV bas bat- | Short circut in | Mo injuries The baf pack of an BV bus caught fire after heavy rain. Fossible cause is atirbuted to a
on phasa) 2016 {China tery pack contact  wih shart circwt due tow ater immersion.
W aner

¢ Similar tables set up for all stages of the EV value

manufacture, transport,
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Accidentology review: main observations

C Some incidents involving Li-ion batteries still arising from mishaps at
design/quality control stages (Innovation C risks)

C Thermal and mechanical protection, also positioning of battery important to
avoid abuse conditions leading to accidents

A (nearby fire, car crash of runover, impact with sharp objects on roadwaysé )

C electrical protection against water/moisture driven short circuit importance also
revealed from EV accidentology

C Accidentology also reveals the importance of the alert function in case of EV
battery failure to allow fast and safe evacuation of car occupants

C Fire risk management in recycling sites may lead to significant damage in case of
fire due to projections of battery components and release of fire brands and toxic
smoke

C Fire-fighting of battery fire may be very difficult and require training, late re-
ignition of EV batteries after incidents must be anticipated as a potential event

C no sign in our view of increased fire hazard of EVs, as compared to ICE cars, Iin
terms of frequency, but fire hazard typology a bit different and fire prevention &

protection need to be customized to EV hazard taxonomy INERIS
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13 Aug. 2017 Lake Car went off the road, Driver
1 1 Forest, CA USA crashed into home, setting | injured
¢ Collecting, and sortingTesla cars F —

crash/runover and relating fire
events according to incident

14 Oct. 2017, Austria | Model S | Post crash fire after car hit

outcomes have been performed copcscis b o e
side of a road,
C Analysis in terms of e et
A circumstances B e | [ beaaadiiveleia, | s
1 . CA, USA other vehicles
A seriousness Autopilot implication
- . . questioned (it was in use),
A Compal’ISOI’l W|th ICE cars speed increased from 100
. to 114 km/h 3 seconds
(te ntat|ve) before crash
. Reignition of car
C As for all other EVs, Tesla accidents weeckage:S dagt ates
. . the incident
do not necessarily end up by a fire 16 | May 10™, 2018, | ModelS | Car caught fire after hitting | German
A2 motorway, crash barrier in central driver
eve ntl Ticino, reservation of the killed
(Switzerland) motorway
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Tesla EV fires: some trends and statistics

C Models investigated: Tesla Roadster (Lotus platform), Model S, (sedan) Model
X (SUV), Model 3

C 21 reported fires, most info from web sites and Tesla media reports + one
scientific report (about 3 first scenarios in USA and Mexico)
A need to be related to some 300,000 -350,000 Tesla cars sold so far in some 5 years
A some 150,000 car fires in USA, some 30,000 car fires in France on a annual basis
A 131 Tesla car crashes/overturn reported (www.wreckedexotics.com/ )
A Model S: 79 ; Model X: 16 ; model 3: 3; model Roadster: 34
A 100% of fire deaths in Tesla fires are relating to post crash fires, currently

C To be noted: early recall of over 400 Roadster 2010 model cars for fire hazard
reasons pertaining to inadequate battery cable routing

distribution of 21 Tesla fires _
according to main cause Tesla post-crash fire events/vs all Tesla

post-crashes (with/without fire
event )trend: ~ 12,5%

oot comparisorwith ICE cafire trends
W spontaneous fire (ariving
10; 48% from NFPA 2010 stats:

spontaneous fire (park) ) . .
_p i - post crasHires 3% of allvehiclefires
et holding for 58% ofehiclefire deaths TN~

M post crash/turnover fires
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PRA update from original INERIS study

up

C Re-rating previously identidied scenarii seriousness making use
of a risk matrix from inital 2011 study (revised already in 2013)

C Completing analysis in terms of new pertinent incident scenario
deserving examination at light of field experiene

C Back-up info to all stakeholders of

DEMOBASE, according to involvment

In concerned EV building-blocks
for due consideration

- Risk Criveiy

Risk criticaliy Is determined according to 4 levels of criticality depending on the assessment of
potential consagquences pedtalning tod

*  BCONOMY IGSE,
» Impact level on emdronment, population, fauna, lors, ...

+ Impostance of refighting means,
+ Impostance of the quantities of dangerous goods stored.

Mo guantitative threshold has been detarmined on each Importance level; Instead, sk criicaly
s ranked qualitatively from 1 to 4, comesponding to:
- 4 2 very Important,
- 3 :important,
- 2 C serlows,
1 - how.
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Level of man-
agementof the
Risk critici risk {existing Initial quotation
R _
N | Life Cycle Identified Hazard Causes KEnown consequences c:;::;‘;_ identified ' Rish criticality / level mm&:‘]m‘:l::"s !
quoted from safety func- | of control of the risk
1tod tions or (reason of guotation
not,...) change or not)
quoted from 1
tod
e exolud-
ing riving N .
(parking, | Fisk of electric shock |~ Sectrieal insulation fal- 272 no documented
44 |emergency |ir -— - -—o- 1 e e a a et arr
EEwin-e_E in-| ¢ Level of man-
Lﬁ:_"f""”“' agementof the
o risk {existing Initial guotation
Rk aificly | s of (PRA 2013)
(severity in framewark -
N | Life Cycle Identified Hazard Causes Fnown consaquences e s ide ntified Risk criticality / level R
. currence) safety func- | of control of the risk Cormments
Recycling/ c 9 "'; 4 tions or {reason of guatation
4 | disposal ¢ not,...) change or not)
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tod
a;lem-k:-.al insulation fail- | Bectre st .
EV battery safelyis- |- introduction of waterin- | S on-croul - Water tightness and
. - battery thermal runaw ay. protechion aganst ex-
a | Use 5?““*‘;“‘ 5"’*"“ bﬂ“‘-"?;ﬁ“ . flammable gas formation in X X 27 (several accidenis |  temal short of the pack
{driving) im’;ﬁr’:ﬂmﬁ; m&h' e ':E'ta" contact with w ater [explo- reporfed) a5 prevention measures
flood. avy vehicle - External elec sie atmpsphere formation) - Scenario tobe ind-
J Tic shortpossibly ag- | BV fi cated in manual of use
gravated in case of sak delayed .
W ater - siultaneous BV fire
ﬂg:"?:em control - Thermal and toxic effects 43 (Some progress
SimuEmsous - ; follow ing fire and'or gas has been made fo ad- . .
Use exclud-|ence ddi‘ferepr;eshaz- Simuianecus presence | geneecinn dress this issue in - To continue to frain
- g of elecinical, thermal, S - . EMErgency services io
img  drivimg | ard typology for izal and chermi- |~ elaciric shock, ferms of draffing guid- BV risks i "
{parking.  |emergency services Ga"E|“ﬁm"E'"m = |- comoswe effect (contact ances and iraining EY rsks n acedenta
40 | emergency | during intereention and R wiith electrolyte), 4 3 program fo some ;
services in-|on BY in accidental hig camosiviy) - mechanical effect (projec- SEMCEs ) Cmgﬁerm_
tervention, | skustions (crash, BY M=k , tions ), Lack of significant re m“if" s k“"
ete) andlor battery fire, |- DfTiculy toiden®y an | g, gas formation i turn from feld experi- | 12020 battery pac
BJ immersion, ...} Laciihm: '; contact with water {explo- ence)
o 531:":&5 sive atmosphere fonmation)
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PRA EV update: major results

Figure 1 - PRA — Carfography of identifed soenados ln 243
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Fire / thermal abuse testing strategy

C Priorities:
A Contribute to qualify electrode materials/cell options in terms of
fire safety aspects (thermal and electrical abuse)

A Provide calibration data for multi-physics TR prediction model,
cell level on fresh and aged cells

A Provide calibration data for CFD computation (cell and module
level)

A Test reaction-to-fire of key battery pack casing/insulation
material for EV battery integrator ; also new electrolytes
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C Testing device and instrumentation

A 2 thermocouples for regulation measurement positionned on each side of the cell

Thermal tests performed in BTC 500 A 4 thermocouples around the cell
from HEL A 4 others thermocouples inside the equipement
i A Cell voltage measurement
: 4@
‘ r
= " e Cordon
l —
6@

30

A Heater wire enrolled around the cell

A Cell positionned at the center of the
equipment on a support

A Cell charged at 100% before test
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Testing reaction to fire on key combus

C Use of FPA apparatus (ISO 12136) coupled with FTIR
Instrument (18 gas exploitation method):

A tests carried out on pack insulation material candidate
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