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management will play in delivering
the next generation of battery
and charging technologies

PAY IT FORWARD
Why vehicle-to-grid infrastructure is
the smart solution to support utilities
for the drastic impact of electrification

GREASE THE WHEELS
Faced with changing times, oil companies
are tapping into new opportunities with
specially-developed lubricants for e-motors

THE FUTURE OF LITHIUM-ION
Multi-million dollar research projects
are discovering ways to revolutionize
battery performance and production

THERMAL MANAGEMENT

THE

ISSUE
High-profile coverage of lithium-ion battery fires is
generating cautious policies around handling and
use – but are the risks being overplayed?
WORDS: ALEX GRANT
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rom smartphones to jet planes,
supercars to static storage, lithiumion batteries have become the default
for diverse industries and a driver of
technological change. Global
production has risen quickly, from 20GWh in
2010 to 120GWh in 2017 according to a recent
European Commission report, and it’s
underpinning the shift to electric vehicles.
Almost half of that capacity – and growing – is
going into ‘mobility solutions’.
However, that proliferation has been
accompanied by high-profi le safety concerns.

Battery fires have grounded plane fleets,
caused expensive recalls of consumer
electronics and led to hold luggage restrictions
for flights. But while a burning electric car still
piques the interest of content-hungry news
agencies, the risks appear to be overstated.
Statistics are skewed by the smaller vehicle
parc, but the track record is good. Of the
480,000 batteries Envision-AESC has built for
Nissan’s electric vehicles, the company says
there have been zero ‘critical incidents’
globally. Tesla, meanwhile, claims one fire per
273 million km (170 million miles) travelled in
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its cars in 2018, 15% of which were
due to external factors such as
arson or nearby objects burning.
The US average is one fire per 30.5
million km (19 million miles).
Paul Shearing, professor of
chemical engineering at
University College London
and Royal Academy of
Engineering chair for
emerging battery
technology, says it reflects
well on the industry. “Some
manufacturing defects can
be latent for quite a long time,
then mature into something
more substantial, but it’s
important to emphasize that these
are very rare. Failure rate for all lithium-ion
batteries is somewhere between one in 10
million and one in 40 million cells. Not all fail
spectacularly – some fail in a more passive way
– but the failure rate is impressively low.”
In-life abuse is harder to avoid, particularly
short circuits caused by impact damage, but
protective structures used by car makers
appear to be effective. The National Highway
Traffic Safety Administration (NHTSA)’s most
recent data shows electric and hybrid cars only
caught fire in 1.6% of fatal accidents in 2017.
That’s proportionally unchanged since 2013,
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“If a manufacturer uses simple
battery management systems
the battery can overheat or be
charged at too cold a temperature”
Professor Dr Andreas Hintennach, senior manager, battery research, Daimler AG

despite the number of crashes doubling as the
parc increased. Gasoline and flex-fuel vehicles
caught fire in 3.4-3.5% of incidents respectively.
The materials used aren’t necessarily more
volatile. NHTSA research into battery fires
showed that liquid diethyl and dimethyl
carbonate electrolytes used in today’s lithiumion batteries have a similar flashpoint to fossil
fuels, dispersing as heavier-than-air vapors and
localizing fires beneath the vehicle. The Agency
said flame-retardant alternatives, such as
fluorinated and organophosphorus additives
could further reduce the risks.

1. Envision-AESC has built
over 480,000 batteries
for Nissan’s EVs, with
reports of no critical
incidents globally
2. The Porsche Taycan
employs an 800V
architecture to enable
it to charge at rates of
up to 350kW without
the risk of overheating
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“If you try to force too many
lithium ions in at once and they
can’t move into the material fast
enough, that leads to lithium
dentrite forming”
Billy Wu, senior lecturer, Dyson School of Design Engineering at Imperial College

SAFETY IN SOLID STATE?
Solid-state lithium-ion cells appear to be
the most likely enabler of a generational
leap for electric vehicle batteries,
promising much higher-energy density
than liquid-electrolyte units and hopes
for faster charging, too. But its inherent
stability also offers safety benefits,
which could re-shape pack design.
“Solid-state solutions aren’t production
ready yet but do offer the ability to
eliminate internal short-circuiting
from dendrite growth and a nonflammable interface between the current
collectors,” says Giles Muddell, chief
engineer of control systems at Prodrive.
“If they can be shown to meet the
energy density, power density, cost
and cycle life required of automotive
batteries, this would represent a
significant step in safety.”
Imperial College’s Wu also sees big
potential for the technology, including
removing the need for complex thermal
management systems, but he believes
consumer electronics will get it first.
“I think it’s more than 10 years away.
When we create a new chemistry it
drops into the existing manufacturing
systems that we have, whereas when we
manufacture solid-state batteries we’ve
got to change a lot of equipment and
processes. Engineering solutions,
like tweaking how you cool
the battery, are a lot faster
to implement.”

4

The hard cell
But these incidents do come
with unique challenges, as Paul
Freedland, principal engineer at
Cosworth, points out: “The big
problem is that as the lithium-ion
cells start to burn, they provide both
the fuel source and the oxygen to
sustain combustion, which makes them very
difficult to extinguish, and keep extinguished.
The fires also normally started due to internal
faults within the cells that can be very difficult
to detect prior to the onset of thermal runaway.”
Consumer expectations are also putting
additional stresses on batteries. New models
are offering longer ranges, higher performance
and exponentially faster charging speeds. At
350kW, the Porsche Taycan is charging more
than 100 times faster than a domestic socket,
the typical method 10 years ago. This highvoltage charging requires careful management
to avoid damaging the cells.
“Lithium-ion batteries work through what
we call a ‘rocking-chair mechanism’,” explains
Billy Wu, senior lecturer at the Dyson School
of Design Engineering at Imperial College.
“During charging, lithium ions move from the
cathode to the anode, which is normally made
of graphite. These materials are layered like
sheets of paper, and if you try to force too
many lithium ions in at once and they can’t
move into the material fast enough, that leads

to lithium dendrite
[shards of metallic
lithium] forming.
“If that touches
between the anode
and cathode it causes a
short circuit, like if you put
a spanner across a lead acid
battery. When that happens, lots of current
flows and lots of heat is generated, which leads
to this feedback loop of thermal runaway, and
the battery catches fire,” explains Wu.
“What you should do is measure the
temperature you’re charging at and,
if it’s very low, you gradually
ramp it up. You can also do
pulse charging where,
instead of constantly
applying current, you
periodically give the
battery time to rest.”
Professor Dr Andreas
Hintennach, senior
manager, battery research
at Daimler AG, also sees
effective management as a
vital component. “We pay a lot of
attention to the development of our
battery management systems, and we
program them in a way that [dendrite
formation] is very unlikely to happen,” he says.

3. Cell testing is a vital
element to battery
development and design
4. Battery electrodes as
seen under microscope
5. Battery management
systems are necessary
to prevent dentrite
formation occuring
5
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“If a manufacturer uses simple battery
management systems that do not pay attention
to that, the battery can either overheat or be
charged at too cold a temperature. If the
battery management system is programmed
in the wrong way, or is too simple, it will not
meet European standard and it can happen
during regular charging. This has nothing
to do with the material itself – it’s related
to how the cell is manufactured, and if
the battery management system is
intelligent enough.”
Keeping cool
Cell temperature can also be difficult
to control with faster charging speeds.
According to Gael Chouchelamane, chief
engineer, battery systems at Ricardo,
ultra-fast charging (UFC) generates 15-18kW
of heat, compared to 3-4kW under normal
driving conditions. In turn, this makes
air-cooling inadequate, so manufacturers are
introducing more sophisticated measures to
keep the maximum cell temperature under
50-55°C (122-131°F) during peak operation.
Above this temperature, the electrolytes can
vent as a gas, and the cell itself can break
down. This is becoming harder to manage.
“Approximately 5% of the pack cost is

represented by the battery thermal system,”
says Chouchelamane. “This is likely to increase
in the future with new requirements such as
ultra-fast charging. Improved performance of
cold plate using ethylene glycol is mandatory
but has limits, and it is likely therefore that
thermal engineers will increasingly opt for
direct immersion cooling of the cells.
“Once the heat has been extracted from the
battery pack, it needs to be dissipated to the
ambient air. To achieve this, the airconditioning system will be under high
demand during UFC and will require
upsizing of the evaporator cooling the
fluid that cools the battery, in parallel
with uprating of the air-conditioning
compressor, condenser and cooling fan.

“Approximately 5% of the pack
cost is represented by the battery
thermal system. This is likely
to increase in the future”
Gael Chouchelamane, chief engineer, battery systems, Ricardo
6
6. The Mercedes
fully-electric EQC
underwent extensive
battery testing,
including cold chamber
testing to examine
how cells react to
extreme temperatures
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Unfortunately,
these measures
will lead to
additional cost as well
as increased NVH.”
Research at Cosworth,
meanwhile, showed that fast charging reduces
both lifespan and energy retention, and that
these problems are compounded by inadequate
cooling. Temperatures above 80°C (176°F) can
cause physical damage to the microporous
separators between the electrodes, as well as
the active materials, Freedman says. New
separator materials, designed to melt and close
the pores to interrupt the flow of ions,
could help shut down the battery
before thermal runaway begins.
Better design
The bigger challenge is corner
cases, according to Giles
Muddell, chief engineer of
control systems at Prodrive.
The rise of more advanced
manufacturing processes are
delivering more consistent cell
performance, he says, but it’s
not possible to monitor every
cell individually.
“For example, it is difficult to predict all the
cell temperatures when a car, after being
driven in arctic conditions and with ice packed
around part of the battery, gets plugged into
a fast charger. Such a failure to predict cell
temperatures can result in a cell overheat
situation,” he says.
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7. The coolant line and
cell monitoring unit
contributes to keeping
Mercedes’ battery system
at optimal temperatures
8. Cell analysis provides
engineers insight into
how to maximize battery
performance and
manufacturing methods
9. Ionity’s high power
charging network has
also had to solve thermal
management challenges

“However, as the EV design community
becomes more and more familiar with such
problems, we are able to specify design rules
that either design the problems out of a pack,
and/or place sensors in the correct positions
to be able to detect the onset of the problem
and then mitigate it.”
Hintennach agrees. “Our former battery
management systems were a lot simpler than
today’s. They were even more restrictive,
because the less you know, the more careful
you have to be. The better you understand it,
the better you can play with the parameters
and still have the highest safety,” he says. “We
are handling hundreds of volts, but EVs are
considered to be very safe.”
9

