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Nothing must happen during and afterwards these tests that could indicate any hazards for the
user, in transportation or for the environment.

2016 : To trigger faults that would not be expected under normal transportation conditions.
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» Transport safety screen.

v

v Automotive standard.

NEW SAFETY ASSESSMENT: INDISPENSABLE!
.10 BE, OR NOT TO BE: THAT IS THE QUESTION.”

WILLIAM SHAKESPEARE

GREEN OR RED! THERE IS ABSOLUTELY ONLY ONE CHOICE ON SAFETY OF LARGE FORM

BATTERIES
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SP 376

- Cells or
batteries
that have
leaked or
vented;

Large Format: if damaged/ defective
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FAAvideo Lithiumn lon batteries on fire under FRG

Source ZSW Ulm Source FAA

ZSW ABUSE TEST RESULT/ FAA (2015)

ZSW= CENTER FOR SOLAR ENERGY AND HYDROGEN RESEARCH ULM GERMANY (E-LAB)
(ENVITES ENERGY CONTRACT)
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Safety Notes

] Read all aafety warnings snd all Instructians,
Fadure 1o foligw the wormengs mnd instructona
may resull in alectric shock, fire mndior serious injury, /

Bave all asfety wamings and Instructions for fulure referenc.

TeTeT

SP 376 , CRITERIA? ADDITIONAL POTENTIAL RISKS AND DANGER. /




UN SUB-COMMITTEE OF EXPERTS ON TRANSPORT OF DANGERO US GOODS
3rd INFORMAL WORKING GROUP MEETING 2016

Thermal runaway, Extremely rare in transportation (o0 f qualified batteries).

@@
' ’ l External
Internal short circuit 0
short circuit
charge increase
Deep External
: heati
v - 28 — 120 g HF/kWh Battery

Source: Prof. Dr. J. Garche, AABC Europe, January
2016, Mainz

Source: A. Kabza Study Battery Safety, BMVI Germany, NOW, PTJ, ZSW Ulm, 2016,
based on Prof. Dr. Jirgen Garche ,UECT tutorial 2014

» In very rare cases, a battery may ignite, for no reason whatsoever. This does not
necessarily have to lead to carries a thermal runaway or propagation. However,
certain circumstances, a battery then carries a seriously high fire load bearin
subsidiary risks.

hder
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Abuse condition!

current [A], voltage [V], capacity [Ah]

overcharge 40A/50V - Test without transportbox
En1508a_NMC40Ah_03

time [min]

——voltage
——current
——capacity

——T1 cell bottom
—T2 cell top
—T3 pos. terminal
——T6 ambient cube

temperature [°C], SOC [%)]
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Test cell with packing in wood box and Vermiculite

overcharge 40A/50V - Test inside transportbox without adsorbtion mat

En1508a_NMC40Ah_02
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Test cell with packing in wood box,
- Vermiculite and special HF absorber

overcharge 40A/50V - Test inside transportbox with adsorbtion mat
En1508a_NMC40Ah_01
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ANNEX 1 DRY CLOUD = NO RISK
EVEN IN THERMAL RUNAWAY D’-V 1

_4:';* "j‘_...
A

i
1 m
Source National News and Pictures, Dubai, Envites Energy, Nordhausen 2016

The Suppression of Battery Fires : A new way? Dry C

loud.
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Innovative Process Dry Cloud: EN Norm or NFPA compl
(DIN/EN13565-2 as example)

Aus
Rauch haltiger Luft
wird
Rauch haltiger Schaum
ohne Druckaufbaul!

YVVVVYVYYVY

lance.

600 x foaming

>1.200 °C

Strong stick effect.

9 hours stable

Easy installation, not much costs overall
Environment clean material

FROM SMOKE TO DRY CLOUD- PRESSURELESS STABLE FOAM FOR HIGH F

LIKE LITHIUMBATTERIES

LOADS
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Specific Risk/Hazard Dry Cloud

Jet flames Strong suppression - no longer perceptible.

Fire Strong suppression and cooling, stop the propagation effect,
reduce the event on minimum: fast and efficient.

Smoke & Pressure Since smoke is transferred into dry cloud material (solid),
sustainable foam.
No pressure!

HF- H2 — others , Can be breathed? Thd one step to neutralize /Inhibitor- no danger! No restriction on
breathing, no dangerous heat (outside containment).

Ignition of explosive gas mixtures / Backfire in the flue No free Gas, not possible. No open fire.
gas/Explosion

Environmental hazard in cleaning or disposal Material itself is not environmentally dangerous, after the event
some used material shall be special waste, in the EU regs no
problem to handle.

How long does it works? It is an engineered solution, for certain application you find
normal inspection regime for, durable and returnable for many
years. Dry Cloud ist stable still Happy Landing.

DRY CLOUD TECHNOLOGY FOR AVIATION SAFETY-

SPECIFIC HAZARDS VS. DRY CLOUD
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ANNEX 2 GERMAN STUDY OF BATTERY SAFETY:

RECOMMENDATIONS FOR ACTION FROM “STORAGE AND
TRANSPORT”

8 EXAMPLES

V
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REVIEW 1. -2. WG MEETING WASHINGTON
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Scientifically battery (+ -)cells are referred to as electrochemical or galvanic cells,
due to the fact that they store electrical energy in the form of chemical energy and

because the electrochemical reactions that take place are also termed galvanic.
Galvanic reactions are thermodynamically favorable (the free energy difference, A G , is negative) and
occur spontaneously when two materials of different positive standard reduction potentials are connected
by an electronic load (meaning that a voltage is derived). The material with the lower positive standard
reduction potential undergoes an oxidation reaction providing electrons by the external circuit to the
material with the higher positive standard reduction potential, which in turn undergoes a reduction
reaction.

High Energy Density Lithium Batteries. Edited by Katerina E. Aifantis, Stephen A. Hackney, and
R. Vasant Kumar

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

ISBN: 978-3-527-32407-1

BATTERIES VS. BATTERY CELLS, ~oTtonLy CELLS?
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» Battery Cells are made of different design, especially with more than one electrode
assembly or cell inside (Winding, stacking, e.c.). The amendment proposal shall beeing the base for more
clarity and sustained understanding.

e e Moy /" Lithium ion secondary batteryand | Stacked electrochemical celland  Method for preparing secondary
manufacture thereof B
method for preparing the same battery

» “Cell means a (single) encased electrochemical unit (  one positive and one
negative electrode) which exhibits a voltage differe ntial across its two terminals,
and may contain its protection devices.”

CELL = BATTERY CELL
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» “Cell means a single encased electrochemical unit (one positive and one negative
electrode) which exhibits a voltage differential across its two terminals, and may contain
its protection devices.”

» “Battery Cell means a (single) encased electrochemical unit (at least _one
positive and one negative electrode) which exhibits a voltage differential across
its (two (?)) terminal(s), and may contain its protection devices or other
features .”

> |EC 61960 Ed2 “secondary single cell whose electrical energy i1s denved from the
oxidation and the reduction of lithium. It is not ready for use in an application because it is
not yet fitted with its final housing, terminal arrangement and electronic control device™.

» |EC 62660 “secondary single cell whose electrical energy is derived from the
insertion/extraction reactions of lithium ions between the anode and the cathode ™
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Battery terminals are the electrical contacts used to connect a
load or charger to a battery cell, single cell or multiple-cell
battery, a battery assembly. These terminals have a wide variety
of designs, sizes, and features that often not well documented.

Tabs are Battery Cell terminals in regard of this Manual.

Some Battery Cells offer onlyl real terminal or more, sometimes 5 terminals...

Positive Terminal

Negative Terminal
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» Charge Voltage — The voltage that the battery is charged to when charged to full
capacity. Charging schemes generally consist of a constant current charging until the

battery voltage reaching the charge voltage, then constant voltage charging, allowing the
charge current to taper until it 1s very small.

Voltage

» The theoretical standard cell voltage, E 0 (cell) can be determined using the
electrochemical series and is given by the difference between the standard electrode

potential at the cathode, E O (cathode), and the standard electrode potential at the anode,
E O (anode) [2] as

EO (cathode) —EO (anode) = EO (cell)

* Terminal Voltage (V) — The voltage between the battery terminals with load applied.
Terminal voltage varies with SOC and discharge/charge current.

* Open-circuit voltage (V) — The voltage between the battery terminals with no load
applied. The open-circuit voltage depends on the battery state of charge, increasing with
state of charge.

+ Nominal Voltage (V) - The reported or reference voltage of the battery, also sometimes
thought of as the “normal” voltage of the battery.

V
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Many Billions of batteries are safely transported annually: which accounts for the relative safety of
cells and battery packs mn the field (estimate
of failure rates of lithium 1on rechargeable

battery cells 1s less than 1 1n 10 nullion! with
some estimates of failures of 1 m 40 mullion
cells?

What is the actual percentage danger prone batteries?
What events are based on the residual risks Li-ion Source: BMVI —Germany: Studie [

. Batteriesicherheit 2016 omas-A yed, and . ghty,
batteries actually?

“Abuse Tolerance versus Field Failure:
Two Different Issues for Lithum-Ton
Safety,” presented at the International
Meeting on Lithium Batteries, June
2006.

2. 1 Dahnand G. M. Erlich, “Lithium Ion
C O N T E N T Battertes.” p. 26, Linden’s Handbook
of Batteries, 4th edition, T. B. Redd),
Ed., McGraw Hill, 2011.
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SAFETY IS THE SINGLE MOST IMPORTANT CRITERION




UN SUB-COMMITTEE OF EXPERTS ON TRANSPORT OF DANGERO US GOODS
3rd INFORMAL WORKING GROUP MEETING 2016

» Since the development of lithium-ion-batteries started, we have already come a long way in terms of the
safety of battery systems.

» Safety of modern cells has been significantly improved in comparison to cell behavior 10 or 15 years ago.
(materials, design-in, & more.)

» In addition, major progress has been made with regard to our expertise in production and quality control.

» Hazard potential can already be dramatically reduced trough careful selection of the appropriate system.

» Next integration is safety function of intelligent BMS/BMMS, including systems for monitoring the cell
temperature and voltage (& more).

» Ultimately, the overall mechanical design takes into account all of the thermal an mechanical requirement

A BATTERY IS TESTED IN DETAIL. BATTERIES ARE SAFE IN TRANSPORTATI
THE CONTENTS WILL NOT LEAK.
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Li-ion batteries are today classified as Dangerous Goods for transport according to the UN Model
regulation for the Transport of Dangerous Goods.

» They are classified under CLASS 9 Dangerous Goods due to their dual hazard properties
associated with their chemical and electrical content.

» The Manual of Tests and Criteria contains criteria, test methods and procedures to be used for
classification of dangerous goods according to the provisions of Parts 2 and 3 of the United Nations
Recommendations on the Transport of Dangerous Goods, Model Regulations, as well as of
chemicals presenting physical hazards according to the Globally Harmonized System of
Classification and Labelling of Chemicals (GHS). As a consequence, it supplements also national or
international regulations which are derived from the United Nations Recommendations on the
Transport of Dangerous Goods or the GHS.

1. QUALIFIED LI-ION BATTERIES ARE NOT DANGEROUS IN THE TRANSPO
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Many Billions of batteries are safely transported annually: which accounts for the relative safety of

cells and battery packs mn the field (estimate
of failure rates of lithium 1on rechargeable

battery cells 1s less than 1 1n 10 nullion! with
some estimates of failures of 1 m 40 mullion

cells ?
What is the actual percentage danger prone batteries?
What events are based on the residual risks Li-ion Sources: BMVI -Germany: Studie |l R Sy
. Batteriesicherheit 2016 “Abuse Tolarance versus Field Fatluse.
batteries actually?

Two Different Issues for Lithum-Ton
Safety,” presented at the International
Meeting on Lithium Batteries, June
2006.

< 2. J.Dahnand G. M. Erlich, “Lithium Ion
BATTERIES, QUALIFIED UNDER AUTOMOTIVE QSP S ARE SAFE. Batteries,” p. 26, Linden’s Handbook
of Batteries, 4th edition, T. B. Redd),

Ed., McGraw Hill, 2011.
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In general, the following basic principles apply to the further development:

> The design of components and systems reflects the high quality and safety requirements in the industry
and ensures that corresponding risk potential can be minimized.

» The monitoring of safety requirements for components and systems across the individual levels of product

development and during production of the components and systems delivers high quality standards for the
products (further in service, after market)

» Appropriate test methods are employed during the product and process development to continuously
monitor the effectiveness of the measures

PRINCIPLES : DEVELOPMENT OF LI-ION BATTERIES
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Insulation
resistance
4step check
(example)

Source : Tim Schéafer TU Braunschweig Diagnose Batterien Februar 2015

EXAMPLE: CA. 20 DAYS TO CHECK THE QUALITY/SAFETY IN QSP/ENDCONTROL OF
CELLS




UN SUB-COMMITTEE OF EXPERTS ON TRANSPORT OF DANGERO US GOODS
3rd INFORMAL WORKING GROUP MEETING 2016

>
>
>
>

CRITERIA FOR TRANSPORTATION SAFETY. AN A

/
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Thermal Runaway

Cathode Thermal Decomposition

180°c Li,C00, => xLiC0O, + (1 = X)/3C030, + (1 - x)/30,
120°C " SE- electrolyte reaction
\
Max. *‘
operating T 70°C \
\
Thermal Input simpiifiod

(physical)

EC:PC:DMC\LiPF6

~ Reaction heat

LIXCOO2 — XLICOO2 + (1 - X)/3C0304 + (1 - X)/302

500 i
s LiCaoy: 1.20an ~ area under the curve
:'g :E: Gen2 LIN;;::::..:..&huﬁr! _?,“‘ /
E [ Gena: L, .;N';,;f:;,unm}"n,: _k\/—.<
‘E 200 - | \
z 1uu f_ LIF&PD ".1H-:I1 X \ \ -
= LIMn.ﬂ; ﬂ“ﬂuh
o P e OSSN N
0 100 20 300 CTD Onset T
per ture {C)
LCO '\( A NCM LFP
~180 °C -~220°C ~240°C ~ 500 °C
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ABUSE, ...!

Jet flames,

Dangerous heat,

HF Phase,

Massive smoke, fast, DANGER! H2...

Long duration of fire: 13s25Ah roughly 1 hour, and more?

Propagation issue,
High fire load...

V
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>

> 2. Damaged or defective Batteries (with potential risk tendency) in transport.
» SP376 2>

Thesis: Large Format: if damaged/ defective
CONTENT 2.

MAYBE!




