M MAGNA

Improving EV Efficiency by
Battery Thermal Insulation

L. Scharf, Evonik
C. Rathberger, Magna

ECS Simulation Conference 2021



Introduction: Battery Cells and Cold Temperatures g macna

Cold battery cells cause several problems in electric vehicles...

1) Very high inner resistance 2) Damage from Lithium plating

Example Inner Resistance Lithium plating:
(6 Li lon cells in series) * lIrreversible cell damage
(reduced efficiency)

Cathode
Electrolyte

4000 - - Can even cause short -+ Separator
circuit (if separator punctured)

3000 —

Electrolyte
Li Anode

+ Effect increased, if charging
in low T (<0°C) occurs...

2000
Factor 10

Resistance [mOhm]

1000 -

Cold battery cells severely reduce vehicle
efficiency (range!) and performance (acceleration!)

b Cold battery cells limit (fast) charging and
" w recuperation capacities

<emperawre ¢

But: Cold cells also reduce calendaric aging
(e.g. in standing vehicles...)




WLTC at -10°C Ambient Temperature

400+

Warm vs. Cold Battery Pack (example Magna E1)

M MAGNA

Speed

0

~360km (21°C ambient T, warm vehicle)

~250km (-10°C ambient T, cold vehicle)
Battery starts at 25°C
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~180km (-10°C ambient T, cold vehicle)
Battery starts at -10°C
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-50%

Improvement
Potential!
A4

How much potential
can be realized by

Improved battery pack
insulation?




Introduction: Content of this Investigation A MAGNA

* Baseline Study: Impact of cold battery cells on a car
— Investigated Car. Magna E1 (based on Tesla S)
— Vehicle Class: Full size luxury (F)

— Peak power: 420kW
— What is the “cost” of a cold battery?

« Thermal insulation technology (Evonik)

» Benefits of battery thermal insulation
— Cool-down times... overnight or within some hours
— Impact on vehicle range

e Summary
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CALOSTAT® Granules
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CALOSTAT® is ainnovative high-performance material with a combination of
outstanding properties

- =

Non combustible

Core hydrophobic Super insulating
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Leading Beyond Chemistry



CALOSTAT® is ...

Based on mineral silicon dioxide (SiO,)

g Gaseous motion

= An specially engineered material with a microporous structure

Formulated to reach an outstanding thermal insulation value

Started as ready to use boards for the construction industry

Now available as granule for further processing in coatings,
mortars or similar

loose end

Conductivity

bottlenecks

T T At
$> Radiation
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CALOSTAT® Granules can be used in Thermal Insulation Composites (TIC) in
which they are the main ingredient to lower the thermal conductivity

What are CALOSTAT® Granules? What is a TIC?

CALOSTAT® is a specially engineered microporous material TICs containing CALOSTAT® granules are liquid or semi-liquid and
based on silica with a defined pore structure, density, and suitable for spray application in a certain thickness (up to 10 mm).
formulation used mainly in thermal insulation applications. They provide not only thermal insulation properties, but also a

Granules made of CALOSTAT® are produced in a grain size protective and flame retardant finish.

distribution between 1000 and 4000 um. They can fill hollow Typical binders of TICs are acrylics, poly-siloxanes (silicones), or
structures or act in TIC as thermal insulation ingredient. epoxies.
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Benefit Study:

Thermal Insulation of Battery Packs
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Simulated Conditions:

e Comparison of
——) \\LTC range:
— Base vehicle vs.
improved insulation

(not simulated)

Cold day with WLTC after cold soaking phase... AN MAGNA
s T R stz T WLTC - Different ambient T:
g gf - 0°C, -10°C, -20°C
£ Lt
% Cold soaking i R  Different soaking time:
S I — 4h, 8h, 12h
o Preceding
o vehicle use
z

v

time

A T Gy
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Further Boundary Conditions of the Following Simulations .
(“The fine print”) A

Battery heating by 3kW coolant heater
— Heating only below 0°C minimum battery cell temperature

Regenerative braking used, but only when the coldest cell is
warmer than 0°C (lithium plating!)
— Efficiencies are considered (motor/generator, inverter, transmission...)

Simulations were done for dry air and without passengers in the
vehicle, fresh air mode used.

— Cabin heating provides a constant offset to all cases; therefore it is
considered, but was not the focus of this investigation

Simplified generic HVAC controls
— Based on state machine



Battery Temperatures .
(Ambient T -10°C, Cool-Down + WLTC) A MAGNA
COO|-dOWI’] cUpves delta (insulation vs. no insulation) during cool-down T [K] :;tgegref;r?elta T (410C)

rature [*C]

Tempe

e Base Vehicle

Rathberger, ECS 05/2021

Case 1:

WLTC after 4h

<

Case 2:

WLTC after 8h

~

8
Time [h]

ﬂ Case 3:

WLTC after 12h

N
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Initial cool-down effects
in battery from cold
coolant in ducts

Initial rapid warm-up
from 3kW coolant heater

Slower warm-up due
to internal resistance
of battery cells

Range impact is shown
iIn more detail for 4h
and 12h use-case...



Vehicle Range

Case 1 (Ambient T -10°C, WLTC after 4h Cool-Down)

M MAGNA

Insulated Battery:
Heater stops after 465s

Not Insulated Battery:

Vehicle range [km]

Rathberger, ECS 05/2021

Heater stops after 913s

220.2km WLTC range

A 0 203.8km WLTC range

Range improvement
~8%

Main impact from
battery heating

Further contributors are

— Earlier availability
of recuperation

— Reduced internal
resistance of cells

Base Battery Pack (no additional insulation)
Evonik Insulation Layer

Time [s]
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Vehicle Range .
Case 3 (Ambient T -10°C, WLTC after 12h Cool-Down)  MMAGNA

196.2km WLTC range

e

Insulated Battery: 7® 190 7km WLTC range
Heater stops after 1093s e m\//x/'/ :

Not Insulated Battery:
Heater stops after 1249s

* Range improvement
~3%

* Long cool-down
reduces benefit
from insulation
(homogenization of
temperature levels).

Vehicle range [km]

delta (insulation vs. no insulation) during cool-down T [K]

/ Base Battery Pack (no additional insulation) x
Evonik Insulation Layer

Time [s]
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Summary: Comparison of WLTC Range

M MAGNA

WLTC Range after 4h cold soak WLTC Range after 8h cold soak

Range [km)

Range Benefits
Thin Insulation

Range Benefits
Thick Insulation

Rathberger, ECS 05/2021

—&  Baseline %; ®— Baseline
—a& ThinIns. i —a—Thin Ins.
—a& Thick Ins. —a— Thick Ins.
WLTC-Range [km] |4h 8h 12h
0°C -0.4% 0.0% 0.0%
-10°C 8.0% 3.9% 2.9%
-20°C 6.0% 4.5% 3.2%
WLTC-Range [km] |4h 8h 12h
0°C 0.56% 0.07% 0.04%
-10°C 15.75% 6.70% 4.20%
-20°C 9.59% 6.53% 4.51%
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Range [km]

WLTC Range after 12h cold soak

#—Baseline
—a—Thin Ins.
—a— Thick Ins.

Improved performance
for thicker insulation layer

Best benefits at -10°C
Very little benefit at 0°C

Longer cold soak reduces
benefits of insulation

Best benefits after 3-4h



But what about summer conditions?

Date: May 2019 / Author: ECS St. Valentin © MPT Engineering / Disclosure or duplication without consent is prohibited



Simulated Conditions:
A hot summer working day

M MAGNA

WLTC
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during parking

What is the impact of
battery thermal insulation
on cell temperatures?
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Model adaptations for hot soaking

M MAGNA

Influence of hot road surface needs to be considered...

Air temperature 20cm
above ground is
already very close to
general ambient T...

m) little influence!

Radiation from the
hot road surface
needs to be simulated,
though...

Inner Casing

Outer Casing

Batiery Casing

- Initial temperature

| Connect. heat conduction comp .-

Insulation Layer

Battery Casing

#-1€ xternal Heat Supply

| Tinit Quter Batt Casing = ture
'I'hwmalRmmi’Flom‘l
Stefan Bokzmann Constant | 5.67e-8 Wim K |—-"|r“‘--.‘
Epsion (084} = |
E Aemmmmrmme e )
Surtsce Area Pack [0.513m? | =]
ta P =
Road Sutace T |
Surface : .“"/
v R e e
sou..>.‘\_.___.‘|v ______ i R
Load! - Free comvectin af | B Wim?/K === -[E)-l
: o
mitwent T
8o
= -
» Ambrort o
> biertT] e .
- ---4- Tempaoraturs of mass

=) heats up outer
casing layer

Date: May 2021 / Author: ECS St. Valentin

P — S
-==--m=HEal conduclivity ]
emciieeasss 4

:&oﬂﬂect. heat conduction comp |

LE |
. PR

Insulation Layer

KAl air

.t L
" ut o o
A o iy C S|
H arget curmn
o

Battery ¥
(Cells o
oo b onnnct -hea)
R #— Target currens

© MPT Engineering / Disclosure or duplication without consent is prohibited



Simulation Results — Battery Cell Temperatures

M MAGNA

Cell Temperatures [°C]
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Minimal and Maximal Battery Cell Temperatures

Daytime soak

WLTC morning

2,00 4,00 6,00

8:30 a.m.
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WL

8,00 f

10,00

5:30 p.m.

I'C evening

The insulated battery pack
does not get as hot...

----- No Insulation - Min T
----- No Insulation - Max T
Insulation - Min T

Insulation - Max T

Solar Radiation [W/m?
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12,00
time [h]
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... but it also cools down

Night soak

20,00 22,00 24,00

© MPT Engineering / Disclosure or duplication without consent is prohibited

Weather data
(ambient T and
solar radiation)
for summer day
in Los Angeles




Analysis of Summer Results

M MAGNA

Average cell temperatures

* No insulation: 32.49°C
e |nsulation: 32.37°C

Average cell temperatures
for 24h period are very
similar...

Maximum cell temperatures

 No insulation: 46.93°C
e |nsulation: 45.22°C

Maximum cell temperature
is more than 1.5K lower
for insulated battery
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Frequency Distribution of Maximum Cell Temperatures

Battery pack without insulation gets
both colder and hotter

H No Insulation

below 46°C all the time

24°C- 25°C- 26°C- P7°C- 28°C- 29°C- 30°C- 31°C- 32°C- 33°C- 34°C- 35°C- 36°C- 37°C- 38°C- 39°C- 40°C- 41°C- 42°C- 43°C
25°C  26°C  27°C |28°C 29°C 30°C 31°C 32°C 33°C 34°C 35°C 36°C 37°C 38°C 39°C 40°C 41°C 42°C 43°C 44°C

B Insulation
Without insulation more than 3.5h
during 24h cycle maximum T > 46°C
Insulation keeps temperature levels

44°C - 45°C- 46°C-
45°C 46°C  47°C
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Summary
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Summary M MAGNA

« Thermal insulation of battery packs can contribute significantly to EV winter range
— Reduced effort for battery heating
— More benefit from regenerative braking
— Reduced internal resistance of battery cells

« Biggest impact (in this example) for
— 3-4h cold soak
— At very cold ambient temperatures
— When insulation can reduce heating effort!

* This is also influenced by
— Battery heating strategy (optimized for performance or energy saving?)
— Recuperation strategy (direct use of recuperated energy for heating?)
— Cell chemistry

* In hot summer conditions, thermal insulation reduces the impact of temperature
extremes
— Average temperatures stay very similar (slower warm-up, but also slower cool-down)
— Phases with very high temperature levels are reduced significantly by thermal insulation!
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DRIVING EXCELLENCE.
INSPIRING INNOVATION.

M MAGNA
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