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, BVRLA CONFIDENTIAL

Competition Law Do’s and Don’ts

DO NOT
* Discuss individual company prices, price changes, terms of sale and profit margins.
* Discuss information as to future plans of individual companies, production, distribution or marketing
plans, including proposed new territories or customers.
* Discuss matters relating to individual suppliers or customers or any commercially sensitive information.

BE WARY

YOU MUST SEEK ADVICE IF:

* You receive information from another competitor, or are asked to provide information, that you believe
is confidential or commercially sensitive.

ALWAYS:

* Ensure a detailed agenda is circulated in advance and are followed closely and minutes of the meeting
are recorded and kept.

* Begin the meeting with the reminder that the attendees should not discuss commercially sensitive
information under any circumstances.

* Be prepared to halt a meeting if conversations cross into potentially unlawful territory.

NO PROBLEM
* Discussion on any matter relating to the aims and objectives of the committee — for example issues of
law and policy affecting the industry.
* Discussing BVRLA policies, lobbying tactics & strategies, and other BVRLA activities.
* Discussing information about industry activities obtained from third parties or other media sources
provided the availability of the information has not been arranged with a competitor.
* Discussion with other trade bodies or organisations which will be of general benefit to the industry.

bvrla.co.uk



, BVRLA CONFIDENTIAL

Agenda

10:00 | Welcome Toby Poston, BVRLA
10:05 | Keynote: Battery Chemistry Dr Billy Wu
10:35 | Panel: Battery Degradation Chair: Marc Palmer, Autotrader

Panellists: Scott Raffan, Geotab; Dr Matt Stock,
Innovate UK and Gavin White, About: Energy

11:20 | Tea/Coffee Break

11:35 | Department for Transport Adam Dack
12:05 | EV Consumer Landscape Marc Palmer, Autotrader
12:25 | Panel: Battery Health Certificates Chair: Catherine Bowen, BVRLA

Panellists: Thomas Mulon, MOBA; Tobias Huelsing,
Bosch; Patrick Cresswell, ClearWatt; James Wallace,
Elysia Battery Intelligence from WAE and Alex Johns,
Altelium

11:30 |Closing Comments Toby Poston, BVRLA

bvrla.co.uk



Imperial College
London

The life and death of

lithium-ion batteries
How long do they last?

Dr. Billy Wu

Senior Lecturer (Associate Professor)
Dyson School of Design Engineering
Imperial College London
billy.wu@imperial.ac.uk

Twitter - @ICBillyWu

Dyson School of
Design Engineering



“THE STONE AGE CAME TO AN END, NOT BECAUSE
WE HAD A LACK OF STONES, AND THE OIL AGE
WILL COME TO AN END NOT BECAUSE WE HAVE A
LACK OF OIL.”

FORMER SAUDI OIL MINISTER, SHEIK AHMED ZAKI YAMANI

Source: The Telegraph, June 25, 2000



Inevitable transition to electric vehicles

Global greenhouse gas emissions by sector

B E @ BBC Account A Home News Sport Weather iPlayer Sounds CBBC

NEWS

Home | Coronavirus | US Election | UK | World | Business | Politics | Tech | Science | Health | Family & Education

World | Africa | Asia | Australia | Europe | Latin America | Middle East | US & Canada
France set to ban sale of petrol and %, %
diesel vehicles by 2040 Agriculture,
iy 20t E Forestry &
©6 July 2017 » N Land Use
aste'/vat(:)r(13'%')U 18.4%
EE @ BBC Account ; Home News Sport Weather Che,ﬂgg‘i/os

NEWS

oy in Agriculture
Enug\f&\{?_‘shmg (4.7%)

Home | Brexit | Coronavirus | UK | World | Business | Politics | Tech | Science | Healt

Science & Environment

Ban on new petrol and diesel K
cars in UK from 2030 under SE o > M,
PM's green plan T 2016 data

https://www.bbc.co.uk/news/science-environment-51366123
https://www.bbc.co.uk/news/world-europe-40518293
https://ourworldindata.org/emissions-by-sector

Dyson School of
Design Engineering



Battery technologies

» Petrol ~9,500 Wh/L and ~12,800 Wh/kg

Engine efficiency ~25%

« ~2,400 Wh/L and ~3,200 Wh/kg

* Lots of different chemistries which are
defined by their cathode/anode materials

Lead acid
Nickel-cadmium
Nickel-metal hydride
Lithium-ion
* Graphite-Transition Metal Oxide
Lithium metal
» Lithium-Transition Metal Oxide
Lithium-sulphur
Metal-air

Dyson School of
Design Engineering

Volumetric energy density / Wh/L

800

700

600

500 f

400 r

300

A
Smaller

Lithium metal
(Li-TMO)

Zinc-air

Lithium-ion
(Gr-TMOQO)

, Nickel-metal hydride

7

Lithium-air

Lithium-sulphur

@ Established

200
’Nickel-cadmium Emerging
100 }
‘ Lead acid Lighter
0 - : - : - - - "
0 100 200 300 400 500 600 700 800

Gravimetric energy density / Wh/kg



Significant improvements needed

-

\_

Cost

SO

Now 130$/kWh (cell)
280%/kWh (pack)
Future 50%/kWh (cell)
100$/kWh (pack)

~

J

-

\_

1st life

Now 8 years (pack)
Future 15 years (pack)

~N

/ \ Future -40° to +80°C (cell)/

Dyson School of
Design Engineering

/ Energy density\

(AN}

Now 700 Wh/L
250 Whikg (cell)

Future 1400 Wh/L
500 Wh/kg (cell)

g /
/ Temperature \

)
@

/N

%

Now -20° to +60°C (cell)

/ Power density \
(NN

Now 3 kW/kg (pack)

/ Predictability \

Future full predictive

models for performance
and aging of battery

\_

Faraday Institution targets

Adapted from content from Professor Dave Greenwood at Warwick Manufacturing Group

\ Future 12 kW/kg (pack) / \

4 )

Safety

Future eliminate thermal
runaway at pack level to

reduce pack complexity /

/ Recyclability \

o

e

Now 10-50% (pack)

Future 95% (pack)




Electrolyte
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Do we have good chemistry?

] .. Cathode specific capacity / mAh/g
Design objective 100 150 200 250 300 350 400 , 1,300 1,500 1,700

5
Anode | I | I 1 77 1 | O\

High capacity Current electrolyte stability limit

and low voltage

Cathode
High capacity
and high voltage

>
©
?
)
n
@
-
>
o
=
0
@
o

2 s

LTO

Electrolyte
Large stability
window

Electrolyte stability window
Potential vs. Li/Li* / V

All Graphite Si/C composites _ Si
Cheap, mass 0 | | | | | L <s~s 1 LI A4

oroduced, non- 0 250 500 750 1,000 1,250 15067 3500 4,000 4,500
flammable Anode specific capacity / mAh/g

Adapted from content from Dr. Monica Marinescu from Imperial College London
LMO — Lithium manganese oxide; LFP — Lithium iron phosphate; LCO — Lithium cobalt oxide; NMC — Lithium nickel manganese cobalt oxide; NCA — Lithium 10
nickel cobalt aluminium oxide; LTO — Lithium titanate; S — Sulphur; Si — Silicon; Li — Lithium; SEI — Solid electrolyte interphase

Dyson School of
Design Engineering

Cathodes

Anodes



Do we have good chemistry?

The perfect cathode

Specific energy
(Wh/kg)

Nickel = Capacity
Cobalt = Rate capability (power), stability
Manganese = Safety, cost

NM . . NCA
¢ Increasing nickel C
Specific energy Specific energy

(Whkg) content trend (Whkg)
continues

Specific power

Combined
Cost Safety
Lifetime
Specific energy
(Wh/kg)

Combined

Safety

Lifetime

*Not to scale

Dyson School of
Design Engineering

(KW/kg)

Specific power
(kW/kg)

Specific power

Specific power

Combined (KW/kg) Combined (KW/kg)
Cost Safety Cost Safety
Lifetime Lifetime
Specific energy Specific energy
(Wh/kg) (Whlkg)

Specific power

Combined (kW/kg)

Safety

Lifetime

Specific power

Combined (kW/kg)

Safety

Lifetime

LMO - Lithium manganese oxide; LFP — Lithium iron phosphate; LCO — Lithium cobalt oxide; NMC — Lithium nickel manganese cobalt oxide; NCA — Lithium
nickel cobalt aluminium oxide

11



IRON BASED NICKEL + MANGANESE HIGH NICKEL
LONG CYCLE LIFE LONG RANGE MASS SENSITIVE

Not a 1 size fits all solution Dyson School of

Design Engineering
Tesla battery day 2020



Degradation in batteries is complex and depends on a

Degradation mechanisms _
range of factors: temperature, current, state-of-

B Solid Electrolyte Interphase (SEI) Charge, ChemiStry, deSign etc

8 Graphite
M Positive-SEI (pSEl) c
T™ Oxide pSEl Layer Formation Cimine

Lit SEl -ormation
T . 0.32

0.3

2

Particle cracking

Separator

Island Formation
Negative Electrode (NE) Positive Electrode (PE)
Lithium ion battery degradation: What you need to know. Edge et al. Physical Chemistry Chemical Physics. 2021, 23, 8200-8221

Dyson School of Y Ge8 Y 9 Y & Y 13
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Degradation modes in lithium-ion batteries

SEI |ayer=PaSSivati0n Iayer Cause Degradation Mechanism Degradation Mode Effect

Typically 30-50 nm

SEI growth

SE| decomposition

High temperature

Li*

Electrolyte Loss of lithium inventory N
decomposition

SEI Interface: Electrolyte ~ Graphite exfoliation \

Graphite Particle . intercalation into Graphite Carrent aan

Loss of active anode

%

Lithium dendrites=Short circuiting Structural disordering _
T TR R TS e RN Tt \ Low temperature Lithi lating/dendrit \
< TR R N ; *‘v-" ] ithium plating/dendrite % \

: / formation N

Loss of active cathode

Electrode particle ;
material

cracking

Mechanical stress "
Transition metal

dissolution

Corrosion of current
cell collectors

Low V,,/SOC

Battery degradation is path dependent; A+B=C but B+A#C

Degradation diagnostics for lithium ion cells. Birkl, C. et al. Journal of Power Sources. 2017. 341, 373-386

Dyson School of

Design Engineering 14



How do we define state-of-health?

Capacity loss (%)

Dyson School of
Design Engineering

SOHCapacity =

Current capacity (Ah)

Initial capacity (Ah)

Reduced range

SOHResistance =

Current resistance ({1)

Initial resistance (1)

Reduced acceleration

16 .
y s— Cell 1 - T=55°C: "
] 4.2VCV | i
12 o Cell 2 - T=55°C; | el
. 1C cycle i .
10 4 Cell 3 - T=Room; A ¢
1 1C cycle
8 - -
- ' g
5 - o = 3 .
] ® .
=
4 " N
5 P - A & &
1 g : A & - * &
0 a2 T v T T ¥ T Y T T T L T T T
0 50 100 150 200 250 300 350 400 450

Cycle

1
S00

Cell potential (V) Cell potential (V)

Cell potential (V)

—0.0%
——1.0%
2.4%
——36%
4.8%
——6.3%
——8.0%
——12.3%
——13.0%
——15.6%
T | T T
00:00 00:10 00:20 00:30
4.2 "
40 T=585C —g-g:io
3.8 1C cycle a1%
1 ——5.3%
3.6 6.5%
3.4 ——7.4%
1 8.1%
3.2 ——9.9%
3.0 1 ——10.4%
28] ——11.1%
I I I
00:00 00:10 00:20 00:30
4.2 ,
5] T =Room | 00"
o 1C cycle 0.9%
s —1.0%
3.6 1.4%
3.4 ——1.5%
1 ——1.1%
3.2 . —2.4%
3.0 —2.3%
» g CC discharge @ 10A (2C) ——2.7%
. I v I I
00:00 00:10 00:20 00:30
Time (hh:mm)
15




% Initial Capacity

So how long do batteries last?

100 T |
LFP !
NMC -
NCA -
BU T T T T . L L L ]
0 1000 2000 3000 4000

Equivalent Full Cycle (EFC)

Lifetime of cells cycled under lab conditions

Battery State of Health (percent)

100 -

Age (years)

UM ¥C

Umi 0e

Nissan leaf manufactured between 2011-2017

Degradation of Commercial Lithium-lon Cells as a Function of Chemistry and Cycling Conditions. Preger et al. Journal of the Electrochemical Society. 2020

Dyson School of https://electrek.co/2021/08/12/tesla-claims-battery-packs-lose-only-capacity-200000-miles/ 16

Design Engineering

Accelerated Reported Battery Capacity Loss in 30 kWh Variants of the Nissan Leaf. Myall et al. 2018




So how long do batteries last?

It depends!

100 -
Tesla Model S/X Battery Capacity Retention per Distance Traveled -E
100% ~ Q 90 - N
o S
g ()] =
= Q 80- =
e :r
e
60% —-—
o 70-
()] o
40% I
%5 100 -
20% Q)
'}
ox S 90-
] U) w
0 25 50 75 100 125 150 175 200 o
Distance Traveled _(thousands of n'lil.es) E.. =
Standard Deviation -——Retention O 80 - ® é
= e =
[1v] o
(a8 70 -
1 1 ] 1 ]
0 2 4 6 8
Age (years)
Tesla model S/X Nissan leaf manufactured between 2011-2017
Pean Caliaalal? https://electrek.co/2021/08/12/tesla-claims-battery-packs-lose-only-capacity-200000-miles/
Yy Accelerated Reported Battery Capacity Loss in 30 kWh Variants of the Nissan Leaf. Myall et al. 2018 17
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Types of battery abuse

’ | Battery
\ ' aging

Penetration

Smoke

Crush

Overheat

Mechani Short lectrical Heat Ther
abus abuse |:> abu {&i
Deformation Dendrite growth Extreme temperature .
| n Explosion
Separator tearing Piercing separator Separator collapse
P Caanilar Adapted from Thermal runaway mechanism of lithium ion battery for electric vehicles: A review. X. Feng et al. Energy Storage Materials 10 (2018) 246—267
ys ¢ A review of battery fires in electric vehicles. Sun et al. Fire Technology. 2020, 56, 1361-1410 19

Design Engineering



What happens when lithium-ion batteries go wrong?

Thermal runaway

Cathode

A 0009000000000 Cathode
2000000000000 00

"""" AAAAXAAAXXXAAKI  decomposition
2000000000000 00 p

300°C

SRS 8's's's's's's's's's's's's's's
¢¢ TR Oxygen release
Electrolyte o Y9
Electrolyte g " 200°C
ecomposition : :
Solid electrolyte e Hydrofluoric acid release
interphase (SE|) P Separator melting 130°C
Internal short circuit
Electrolyte Electrolyte + anode 100°C
000000000000 000 reaction

Heat a

0/0'0's'a'0'n'0'a'0'n's's'n's '
CAAAAAAAAAAANIN N Heat production
RB838833883338y  SEI decomposition || 70°C

Common battery electrolyte components = Salt + solvent 6

Salt = Lithium Hexaflurorophosphate (LiPF)
Solvent = Ethylene Carbonate (EC), Dimethyl Carbonate (DMC)

Adapted from Progress of enhancing the safety of lithium ion battery from the electrolyte aspect. Wang et al. Nano Energy 2018; 55 :93-114 .
https://www.evaluationengineering.com/applications/product-safety/article/13007 366/fire-protection-engineers-address-liion-safety 20
https://www.highspeedtraining.co.uk/hub/fire-triangle-tetrahedron-combustion/

Dyson School of
Design Engineering



Energy release during thermal runaway

-Enthalpy change (AH) Q/W.g"

+ 10
14 A
1J.9 0

-2
-4
-2

Thermal
runaway

1,000

Combustiol

/,4 .
‘O"

1

o

o

1

Tend «—
o

2,000

|
-
o

800 |

O | 1,500F |1
— Electrolyte burning
S 600 [ -
o v
S Short circuit E 1,000 B — 0.1
| - o
() )
Q. Electrolyte — F IS e e — =
& 400 F decomposition
@

Cathode

Polymer separator décomposition
melting

Exothermic

Ceramic

Endotherm| coating
AH v

Anode and electrolyte react

SEI decomposition -500 I 1 1

C
S A I:
Abuse Time 50 100 150 200 250 300
Temperature / °C

Adapted from Thermal runaway mechanism of lithium ion battery for electric vehicles: A review. X. Feng et al. Energy Storage Materials 10 (2018) 246-267
Dyson School of Q = Maximum heat generation | AH = The enthalpy or the total energy released during reaction | SEl-d = Solid electrolyte interphase decomposition | SEI regen = SEI decomposition and 21
Design Engineering regeneration | PP = Polypropylene | PE = Polyethylene | LTO = Lithium titanate oxide | LFP = Lithium iron phosphate | LCO = Lithium cobalt oxide | NCA = Nickel cobalt aluminium oxide | NMC =

Nickel Manganese Cobalt Oxide

\ 4
a
<




Reduce time at high state-of-charge

Keeping the battery fully charged can accelerate degradation

« ~85% state-of-charge is the optimum between energy and lifetime

» High state-of-charge accelerates the growth of the solid-electrolyte
interphase (SEI) layer
« Consumes lithium-ions = lower capacity
« Thicker layer = high resistance/lower power

SEI Electrolyte

(=\
F—— @ 5N [N
85% |
SOC i .........
Graphite Transition Metal Oxide
¥\ J
Dyson School of

Design Engineering

Adaptive battery

Extend battery life based on your phone usage.

Processing speed
Optimised

Show battery percentage

Show charging information

Show battery level and estimated time until full
when Always On Display is off or not shown.

Charging

Fast charging

Super fast charging

Fast wireless charging

8

8

Protect battery

To extend the lifespan of your battery, limit the
maximum charge to 85%.

BV ¥ &

22



Don’t let the battery get too hot

« At >70 °C the battery can enter into thermal 4
runaway 1,000 |
« Warm conditions accelerate the growth of the SEI
« Decreases capacity and power 800 F
 Avoid putting batteries in hot locations O
e e = ~
- S 600 [
©
©
£ 400 F
12
200 |

Dyson School of
Design Engineering

melting

SEI decomposition

8

Electrolyte burning

Electrolyte
decomposition

Cathode

Polymer separator d€composition

Short circuit

Thermal
runaway

Anode and electrolyte react

https://www.cnet.com/tech/mobile/why-your-phone-gets-so-damn-hot-and-how-to-keep-it-from-overheating/

Abuse

Time

23
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Use slow charging

« Fast charging generally degrades your battery
« Worse at low temperatures

» Fast charging can cause lithium dendrite formation
« Leads to capacity fade
« Potentially can cause an internal short-circuit and fire

Dendrite growth

0000000000000 0606
OOOOOOOOOOOOOC
PR 5 3 3 B S R 3 B 3 3
OOOOOOOOOOOOOC
Pk S 3 B B S B B 3 3 3 3 3 3 >
XA A A A AH A
OC 00000000C .0

NININ ININ D

1 o]
OO

>. O'Q.0.0.0.0.0'0.0.0.0.0.0 b
OO
pLILELELELELBL L L L 5L 5L 5
SOOOOOOOOOOOOC
2P P P P P P bt da dadadadada:
000 000000000000
OOOOOOOOOOOOOO0

INININ
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Adaptive battery

Extend battery life based on your phone usage.

Processing speed
Optimised

Show battery percentage

Show charging information

Show battery level and estimated time until full
when Always On Display is off or not shown.

Charging

a

a

Fast charging

Super fast charging

Fast wireless charging

Protect battery

To extend the lifespan of your battery, limit the
maximum charge to 85%.

Operando Visualization and Multi-scale Tomography Studies of Dendrite Formation and Dissolution in Zinc Batteries. Yufit et al. Joule. 2018.
*Note that the radiograph of the dendrite growth is for a zinc dendrite but this would be similar for a lithium dendrite

B V|V &




Avoid over-charge and over-discharge

Over-charge

Over-discharge

* Most lithium-ion batteries have a maximum
voltage of 4.2V

« Lithium iron phosphate batteries generally are
fully charged at 3.6 V

» Overcharging can decompose the electrolyte
« Causes bulging of the cell

« Overdischarging the battery (~<2.7 V) can
dissolve the copper current collector

* On next recharge, the copper can form
copper dendrites and short circuits

* Problem in battery packs

* |ssue in battery packs with cells in series

| — | — | — | —
_.f ______ T T - e T T I——
. / — | | '\ _
Potential 2 ““‘~~~~.::::=§~ Potential

over-charge Q 8 8 over-discharge 8 O 8
. o o N Unused - O @) O
risk X 0 o _ risk ;) v, n
= X o> capacity \ G ° o
— o)) (@) o LN LN

__________________________ I _.\______ . ______Q\-__

— — <§ Unused

Dyson School of
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Battery digital twins

Control
parameters

e

v

O F
.&).- N

a

*

Control

parameters Data

Real battery electric vehicle

Dyson School of
Design Engineering

€

Battery digital twins fuse real-time data with physically relevant
models towards making asset specific decisions

.illlIIIllIIIlllllllllllIIIllIIIllIIIllIIIlllllllllllIIIIIIIIIIIIIIIII.‘

&y Cloud computing

Cloud based digital twin ]
e e N
BJ] Machine learning {

Hybrid intelligent
learning and control

Digital health

Historic health metrics

Prognostics
Predict remaining lifetime

- Optimisation
'?__ . Datadriven optimisation

-
L]

Cloud based

- *
NI E NI EE I EEE NI NN NI NN NN E NI EE I EEE NN EEEEEEEEEEEEEEEES

Data

Control
parameters

Intelligent on-board models

State-of-X (SOX) estimation

State Of Charge (SOC)
State Of Available Power (SOAP)
State Of Health (SOH)

On-board derating

Limit max temperature

Limit SOC

Maximise SOH

t

VI NN I NN I NN NN NN I NN NI NN NN NN E NN I EEE NN NN NN NN NN I EENIEENNENNEENEEENEEEEEg,

Local computing

RALLLELLLER LR LY

Mirrored framework

Process & functions

Remote upgrade and
maintenance

System pre-warning
Energy management
Smart charging
SOX estimation
Battery diagnostics

Cell balancing

EEEE NN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEmmms®

Model/algorithm application

‘“sasmssmEEsEEmEEEEEEE

Data processing

Data collection

4auEEEEEEEEEEEEEEEEEEEEEEEEEEnnmmns?
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Battery digital twins: Perspectives on the fusion of models, data and artificial intelligence for smart battery management systems. Wu et al. Energy & Al. 2020. 10016



Physical considerations

A holistic approach Battery digital twins can be a key ‘

enabler for battery passports

Data transfer to multi-phase <----» Research and

battery digital twin in the cloud design
Manufacturers/ Academia .-~ OE Ms _A Asset Operators
____________ N, TR - == - == - s = - T - P §
: Components | : Systems :Systems of systems | : Recycling |
I Mini Material  Precursor | j Controlled Diagnosis  Health & I : 1t Iifg to n*" life | | Residual . o |
| 'NING gynthesis Processing | : testing tools Safety | : Load profile Health/Safety | : value 1sassem yl
= 110 ]
W_ )
' VA8 B 9 s D & X
| Theoretical Applied |
I > _ Performance Performance oy |
@ L I N - e I
| Electrode Cell Pack . | Singlecell Pack Thermal | | r : ILocation and Recycling I
- . emperature  Operation | L I
lmanufacturlng assembly constructloni controls Controls Management} l ) | logistics process ,
Cross correlation between cause and effect over lifecycle
Dyson School of Enabling robust battery digital twins at the industrial scale. Dubarry et al. Joule. 2023
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SEl layer Electrolyte

Conclusions

........

 Electrification of transport is inevitable

........

 Different flavours of batteries
« NMC/NCA = High performance, LFP = Low cost

 Many complex and coupled degradation modes
« SEI layer growth @ High temperatures
+ Lithium plating @ Low temperature fast charging
 Particle cracking @ High currents

» Thermal runaway of batteries can be caused by
mechanical, electrical and thermal abuse

+ Likelihood of failure increases with battery age safe

operating
region

« Some batteries safer than others

Cell voltage / V

» Lifetime can be extended with careful use

 Battery digital twins can be an enabler 0
-50 0 50 100 150 200 250 300

Temperature / °C

Dyson School of

Design Engineering 28



Thank you for listening Dyson School of

Design Engineering

billy.wu@imperial.ac.uk | Twitter - @ICBillyWu
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Panel: Battery Degradation

Marc Palmer Scott Raffan Dr Matt Stock Gavin White
Autotrader Geotab Innovate UK About: Energy
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BVRLA Battery Health:
Supercharge your
knowledge

16th May 2023

GEOTAB.
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Our mission: driving to innovation

0)
il

Center of the connected fleet
industries providing best in
class data for any vehicle
and ecosystem to enable
customers.

Open platform enables
innovation and fuels
creativity enabling growth
with. Empowering change.
Never satisfied.

BEZ

Focused on data integrity
used to solve different
challenges for customers.
Make better, real time
decisions to deliver business
impact.

Helping organizations and
communities drive to
sustainable practices. Living
it in our corporate
environment. Committed to
climate pledge. Leader in
electrification with 236
models supported.

W

Positively impacting where
we live from safety,
sustainability and
productivity;

it's beyond just vehicles.
Everyone is a stakeholder.



Why Geotab for EV?

World's largest EV performance dataset in the world

Trusted EV authority with unique benchmarking tools for EV performance

When adding EVs to your fleet, Geotab helps you understand key performance metrics for battery
degradation and range implications. Our tools are built based on real-world EV trip data from over 6,000
EVs and represent 1.8 million days of data. Nissan Leaf s (2019 & [ a00wh) 4

. . Account for battery degradation Metric ~
Gain an understanding of: i

Max range under
ideal conditions:

e Do EV batteries wear out like other standard technology? S
o Does how | use and charge my vehicle affect its battery life?
e How does temperature affect my vehicle's range? 0°c

View our EV battery degradation tool 23°C OO

View our EV temperature range tool MIN 70km ) 131Km

@ Worst 10% Condition @ Top 10% Condition


https://my.geotab.com
https://www.geotab.com/
https://www.geotab.com/fleet-management-solutions/ev-battery-degradation-tool/
https://www.geotab.com/fleet-management-solutions/ev-temperature-tool/

We wanted to know:

How have EV batteries fared in the real world?

o Should EV drivers be concerned?
o Isit different across different MMYs?
o What external factors impact degradation rates? Is there any
correlation with:
o Usage
o Hot/Cold climates
o Charging type - L1, L2, DCFC
o« What can an EV operator do to limit degradation?



https://my.geotab.com
https://www.geotab.com/

The Results

Over 3 million trips analysed, with over 6000 EVs. Full analysis to be published soon

° Average degradation was observed to now be | —— : N
lower than initial studies ® ® @ @
o  Sub 2% per year i
. . A -
e High use and charge cycles are not the main © @ B E s = O

factor of degradation

e  Charge management is key Y _ _ - — N
o Avoid DCFC in hot scenarios H I Y O

o Minimise time that batteries at sat with

100% SOC e N
i ., , M Py —
e Adopt a “right size"” approach to selecting your o '\
EV » N
o  Give a buffer on required range and i -
actual range it E FooR—o

GEOTAB./



Let’s stay connected
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b

GEOTAB.


https://www.linkedin.com/company/geotab
https://www.youtube.com/user/MyGeotab
https://twitter.com/geotab
https://www.facebook.com/Geotab
https://www.geotab.com/tag/podcasts/

Sharing insights about battery
degradation and how battery

development/innovation will change
this
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Battery degradation

Problem:

Loss of active lithium, and increased internal resistance

Factors:
1. Temperature

Depth of discharge

Charging rates

Battery cell design

a &> 0D

Age

=N
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How can innovation in battery technology help?



Innovations in battery technology

Cell Vehicle
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Innovations in battery technology

Cell

 Materials

« Electrolytes

« Mechanical

optimisation

« Manufacturing
methods
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Innovations in battery technology

Cell Vehicle

« Materials * Module design

* Electrolytes  Thermal

* Mechanical management
optimisation » Cell connections

* Manufacturing * Monitoring and

methods control

42



Innovations in battery technology

Cell Vehicle

Materials « Module design « Pack integration
» Electrolytes  Thermal  Thermal
Mechanical management management
optimisation - Cell connections « Structural design
Manufacturing * Monitoring and  Monitoring and

methods control control

43



Innovations in battery technology ===

Cell Module Pack

Materials « Module design  Pack integration * Vehicle-to-grid
Electrolytes « Thermal + Thermal « Charging methods
Mechanical management management . Energy
optimisation - Cell connections - Structural design management
Manufacturing * Monitoring and  Monitoring and

methods control control
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What is the Faraday Battery Challenge?

£541 million programme e

and Innovation

Faraday Battery Challenge

= Running from 2017 to 2025

e LA X O ...
= Part of the UKRI Challenge Fund Discover Develop
Continuous research into battery requirements and D
™

Equality, diversity & inclusion and skills pro

= Delivered by Innovate UK

Building ecosystem in partnership with Innovz




What is the Faraday Battery Challenge?

|
Extending battery life FutureCat - high nickel content, high T H E FA R A D AY

performance cathode materials
INSTITUTION

Understanding the mechanisms of degradation of lithium-ion batteries.

SOLBAT - all-solid-state lithium-metal anode [ om & sm & 3  ° : 3
: : o Multiscale modelling
batteries O @ @E""
| Bringing together a multidisciplinary team to develop fast, highly accurate models to speed up

Addressing fundamental research challenges facing the realisation battery development and ensure safe operation for longer battery Iife.
of solid-state batteries in automotive applications.

00

Grant contribution: £22,

Discover

Grant contribution: £21,800,000

NEXGENNA - sodium-ion batteries

Improving the energy storage, power and lifetime of sodium-ion batteries while maintaining
sustainability, safety and cost advantages

LiSTAR - the lithium-sulfur technology
accelerator

Developing commercially relevant lithium-sulfur batteries that surpass the capabilities of er 2025)
existing Li-ion technology.

Grant contribi 900,000

Grant contributio

st il deler ca
ocologie
y manufacturing.

Executive summary

March 2025)

Partners

ds' | impersl Sollege Londst
e

Timeline with milestone/deliverables (September 2025)

Jobn TS v ol jsi@st-andrews ac

Emaitpshearing

Iwww.ukri.org/pubIications/faraday-battery-chalIenge-funded-projects/ I




What is the Faraday Battery Challenge? ===

IMPACT - IMProving Battery Cooling CoRuBa The Voltt: Optimizing EV Battery Lifetime with
Technologies Next generation thermal i fals 1o enhance celIfe and enable rapid ch Advanced Modelling Technologies

By better predicting the aging of ithium-ion batteries used in electric vehicles, this project
will reduce the total cost of ownership of systems and improve the sustainability of battery

BAFTA (Battery Advances for Future Transport

ook i-CoBat: Immersion Cooling of Battery Modules o ssion
Current density imaging in EV battery modules Applications) with a synthetic ester dielegctric quuidy ssesamsonn

‘The aim is to deliver a toolkit of software, models, and methodologies, implemented on an

This project produced new sensors to image the current flow within EV batteries. They have i
o8 boan e into . is system by CDO2. " innovative BMS platform and validated to a statistically significant level. Development of an immersion cooled battery module for PHEVs and BEVS

Q@

ot fom

Develo

Joses,thus enabling sif

: solvers were furthe

Battery management control system for -} Faraday precision ageing laboratory

fbarors Thopoet

Novel self-regulating CHIP (Cooling or Heating J Advanced Battery Engineering (BABE) i e Delivering fully factred,lon4erm cel ageing & degradation studies - ona cale ot oo
Integrated Pipe) for BTMS ving il Powers evolutonary Batery gt ol prevously chieved beore
Pal ontrol Syslem inEV fleet licatic oL or
‘The major objective of this. pw]ec'l vs (o improve the safety and efficiency of current EV
batteries by the ay optimised
cooling.
3
foreola o
energy e . Projeot costs
o " Project costs ¥ roh temperature/h 4 Total projec
—— o be flint@ HTotal pro ot oot aned oax Grant contribution ostand tmeline t predictng batey etime
S :‘\ % A0 e Porr S ot ey . [CTEERING Grant contributiol ;
Grant contribution: £342,424 Partn]] Executive summary
\F)r‘vtthu'ﬂshs that cause c‘\ Muv ion’ ua ttery ageir q e flonth 22)
" ) ) il oo | et
Executive summary Sl smises [N [ s ate o s o Partners
piase - PSS o oo
L N
o e s B e ok uriave UK &) MATERIALS Imperial College
oo s o - Partners " Loridon
oty ";”:z:,::t“::m ok Partners " vOLT SGWMG
‘modules and pack. Timeline with milestones and deliverables DUK
e aail Timeline with milestones and deliverables
Timeline with milestones and deliverables 2 ompletiondate: 31 March 2019 TN AT _
e 9 ing Imperial Coll i
feasity exsabiahed. Functonsteting completed and da snlyse ~ February  Queen Mary o i
- 0-6V, 200 intendec N 9 i -
Project innovations Partners _ w* i ementigs ot accuate m
« The unovati Festwes nchude: - Partners o pandal ol impeda »
woseseinmas | HEATTRACE | ; E
- - — (B pritcover  EF@CAN Project innovations Partners
o Frstever comprehensive, full facored,long-term a degradation stud s
D Nobel Automotive . § iistsnabiat i LGWMG
5 ventures ;
OWMG

www.ukri.org/publications/faraday-battery-challenge-funded-projects/ I




Thank you

matt.stock@iuk.ukri.or
faradaybatterychallenge@iuk.ukri.or
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and Innovation
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How to help your batteries

L9

Store cold, use hot Charge slow Store half-full
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ﬁ Store cold, use hot

Use

Reaction rate

Store

>
Temperature
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.‘_j Charge slow

Intercalation Plating
— @
o ° — o
® ®
® ® o o
o ®
O O
o ® ¢ ®
@
o [® o ® o
>
Slow charging Fast charging
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} Store half-full
B

Damage

0% 50 % 100 %

25V 4.2V

A
v
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Degradation gets complex

2 o
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Temperature
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Negative Electrode (NE)

m—  (raphite Exfoliation

Particle Fracture
. BT 4
NE - Y- o @ .
Island Formation NE IF parficle contains D
[
Dendrite Formation

Y

L
Lithium Plating S
SEI Poisoning/
Decomposition
L
I 1
Solid Electrolyte v &£
Interphase (SEI) 5 a w
D‘ ( J :%D @ _g o 'g -%
Growth A~ E\ @ = ] [
5 §2 2 @ - -
el Sty = [15] o
° 185 S z g
, 5 - o 5 i S
TM Dissolution B o g
PE Str'UCtL‘J r‘.al L
Decomposition )
O, Evolution
-
Particle Fracture
PE
BN Ni-Li Site Exchange > 1
[
L‘I
>
. o Island Formation PE : : : ‘
Positive Electrode (PE) 7SS, — — — — If particle contains Li _ _ _ _ _ _ ’

Source: J. Edge et al (2021) "Lithium ion battery degradation: what you need to know” 2= /IBOUT:=N=RGY



How we help

Thermal control

Cell cycling
protocols

Teardown

Modelling

4
e
VA

VOLTT

Industry-leading models

{ ]» Electrical

& Thermal

(4  Electrochemical

t Degradation

Large database

500+ Commercially
available cells
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Who are we?

= THE FARADAY

E9 9 UNIVERSITYOF
INSTITUTION

BIRMINGHAM

Imperial College
London
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Decrease CO, Platform for

o innovation
4
CO2 s
VA
Reduce raw Optimise
materials .! battery packs
Our
. mission
I
Increase - Increase
uptake lifetime

Reduce costs Reduce waste  <=/BOUT:=N=RGY



Takeaways

L9

Store cold, use hot Charge slow Store half-full
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Overview

* Global Technical Regulation No. 22
— Introduction to UNECE

— Background 100% SOH
— Approach
— Global views on implementation 56% SOH
— Future work

* Research update: existing EVs
— Scope and objectives
— Initial insights s ]

e Summary

| 7&@? Department for Transport BVRLA Battery Health event - DfT battery health regulations update

Degraded
capacity

Can be
charged

100% SOC

50% SOC

SOC

(Stare of Charge)

Images: UK Crown Copyright - Open Government Licence



Global Technical
Regulation No. 22




GTR22: Introduction to UNECE

* The United Nations Economic Commission for
Europe (UNECE) established to promote
economic cooperation and integration

* ~80% of UK vehicle regulations are developed
via the UNECE’s World Forum for
Harmonisation of Vehicle Regulations

* Global Technical Regulations (GTRs) provide
a regulatory framework, typically containing
harmonised test procedures and requirements

* UN Regulations are similar to GTRs, but also Goviraceg o N

include administrative procedures for type B 1558 Aot
approval and mutual recognition e

| @g@ Department for Transport BVRLA Battery Health event - DfT battery health regulations update Images: UNECE



GTR22: Background

* UN GTR No. 22 on In-vehicle Battery Durability
for Electrified Vehicles published in 2022 (openly
available online), with key input from DfT

* Aim: Develop a battery durability standard for
new BEVs/PHEVs to ensure that inferior
products do not enter the market

* Secondary benefits could include:

— Improved consumer confidence in
performance over time

— Improved confidence once vehicles reach
second-hand market

| @@r Department for Transport BVRLA Battery Health event - DfT battery health regulations update Images: UK Crown Copyright - Open Government Licence


https://unece.org/sites/default/files/2023-01/ECE_TRANS_180a22e.pdf

GTR22: Approach

Part A Part B

« Mandates installation of state of health « Adopt a minimum performance requirement
(SOH) monitors and accessible display to (MPR) for battery durability:
consumer o Min. 80% capacity remaining after 5

years or 100,000 km (62,000 mi)

* Requires the SOH monitors to meet an o Min. 70% capacity remaining after 8
accuracy requirement years or 160,000 km (100,000 mi)

« Validate accuracy of SOH monitors over « Validate MPR is met by assessing SOH
time/mileage through in-service testing values on vehicles in service (e.g., via MOT
against regulatory test cycle (WLTP) or over-the-air telematics)

« Use a statistical process to determine
pass/failure for a vehicle model

| fﬁs Department for Transport BVRLA Battery Health event - DfT battery health regulations update



GTR22: Global views on implementation

USA/Canada UK (GB)

* EPAincluded GTR in * Considering options for
their next emissions implementation
paCkage, Start|ng in 2027 ° Currenﬂy Conducting

* Canada likely to follow analysis on benefits of
USA timeline UK implementation

European Union 1 T_

* GTRincluded in Euro 7 Japan
package * SOH monitors to be
become mandatory for 2024
new vehicles from July * Implementation dates of
2025, but date could slip other aspects of GTR to

be confirmed

| @@5 Department for Transport BVRLA Battery Health event - DfT battery health regulations update



GTR22: Future work

* Conducting analysis on the benefits of
implementing GTR22 in the UK, while continuing
other work through the UNECE

* Currently only passenger cars and light
commercial vehicles (LCVs) are in scope of
the GTR

* MPRs are still to be agreed for LCVs, with
manufacturers citing their varied duty cycles
and use cases

* Work ongoing to develop a separate GTR for
electric heavy-duty vehicles, expected to be
published in late 2024

| @g@ Department for Transport BVRLA Battery Health event - DfT battery health regulations update Images: UK Crown Copyright - Open Government Licence



Research update:
existing EVs




Research update: Scope and objectives

—

* What can be done for existing EVs?

* DfT researching accessibility and
comparability of on-board battery health
information for a wide range of used EVs

* 30 used EVs, including BEVs and PHEVs, cars
and vans, model years 2017 through 2021

* Probe vehicles for any on-board information,
e.g., via dashboard, OBD tools, CAN bus

* Perform GTR22 battery health test and
compare against on-board information

| @;@r Department for Transport BVRLA Battery Health event - DfT battery health regulations update Images: UK Crown Copyright - Open Government Licence



Research update: Initial insights

* Early results suggest very limited accessibility,
often requiring specialist equipment and/or tools

* Comparability also looks to be a challenge;
different battery management systems will
estimate battery health in different ways

* Challenges with accessibility and comparability
demonstrate a need for standardisation (e.g.,
as provided by GTR22)

* Analysis is ongoing, further results to follow
later this year

| 7&@? Department for Transport BVRLA Battery Health event - DfT battery health regulations update Images: UK Crown Copyright - Open Government Licence



Summary

* If GTR22 is introduced in the UK, battery health
information will be accessible and comparable
across vehicle models and manufacturers

* However, effect on second-hand market not
likely to be seen for several years

* DfT is researching provision of battery health
information in existing EVs, but accessibility
and comparability are key challenges

* Battery health certificates may offer some utility,
but exercise caution when comparing results
from different vehicle models and manufacturers

| @g@ Department for Transport BVRLA Battery Health event - DfT battery health regulations update Images: UK Crown Copyright - Open Government Licence
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Latest on The Road to 2030
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The new EV market

=~ AutoTrader



Fleet continues to drive new EV sales with retail more limitec
market share has flattened recently &

e -
CUMULATIVE NEW EV SALES EV SHARE OF NEW CAR SALES p— s
SMMT SMMT -~ - : - S
300,000 " 35% {
%7157 = P / T
250,000 i v e i
R |
25% i
200,000 189,730 ¥
20%‘)_
150,000 . 2
YTD: *:
5 5% > N
25.6% YoY 105,999 - P
100,000 v}
10% il
L
50,000 ) 59
0 0% . Fh A . .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan-19 Jon-Qb n-21 Jan-22 Jan-23
—2020 2021 2022 2023 ------BEV Share of New Car Sales

«=BEV Share of New Car Sales - 12 month average

= AutoTrader



Consideration for new EVs on Auto Trader is improving but remains subdued.
Only 9% of new car leads are on EVs (down 11ppts year-on-year)

EV SHARE OF NEW CAR MARKET ON AUTO TRADER

35%
30%

25%

20% /
15% o

10% W

e
5% dNMA'A’\\"/WJ\\\-\J""J’
aM
OO/D I T T T T
2019 2020 2021 2022 2023
——EV share of new car stock EV share of new car ad views 7 per. Mov. Avg. (EV share of new car leads)

Source: Auto Trader internal data
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There are now 76 new electric models ovoiloble&
Choice s limited compared to ICE models, but t elo

Different electric car More ICE mode |
models available 3years ago

/ | \\

= AutoTrader




Not enough affordable new EVs with 9x more new ICE cars for under £30k
vs electric - the gap isn’t closing quickly

NUMBER OF NEW CAR MODELS AVAILABLE TOBUY IN THE UK FOR UNDER £30K (RRP)
All manufacturers

400
350
K10]0)

250

200 "\

100 » e —
X 8x
8x
Mar-20 9x
Mar-21

>0 -2z Mar-23

O r T T T T T T T T T T

Jan-18 Jul-18 Jan-19 Jul-19 Jan-20 Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23

Electric Full/Mild Hybrid =—Petrol & Diesel Plug-in Hybrid

:AUtOTerer Source: Auto Trader internal data



UPFRONT PRICE DIFFERENCE (RRP): NEW ICE VS. NEW EV

Like-for-like model comparisons

70%

60%
60%
50%

40%

30%

20%
10%
0%

Jan-20

= AutoTrader

Jul-20

42%

Jan-21 Jul-21

mmm Mediaon RRP Difference

Jan-22

—===Number of Models Compared

1_22

Jan-23



Demand for EVs is
still spread across
the UK's affluent _a
areas. e

P b : - o ¥ -

Dublin

T reland

. o g .
&London g

= AutoTrader



Retail demand is subdued, with share of
leads taken by EVs halved YoY

Choice is increasing, but hasn’t yet
reached more affordable levels

Retail demand is still located in affluent
areas, with little sign of mainstream
interest




The used EV market
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Demand for used EVs is ahead YoY, but outpaced by supply, with daily
average volumes up by c.10k

USED EV ACTIVITY: YEAR-ON-YEAR NUMBER OF UNIQUE USED EV ADVERTS
April-2023 Advertised on Auto Trader.
200% 20,000
184%

180% 18,000

160% 16,000

140% 14,000

120% 12,000

100% 10,000

83%

80% 8,000

60% 6,000

40% 36% 4,000

20% 2,000

o% O I T T T T T
Distinct Adverts Ad Views Leads Apr-18 Apr-19 Apr-20 Apr-21 Apr-22 Apr-28

:AUtOTrader Source: Auto Trader internal data



Supply and demand dynamics have improved in recent weeks -
demand has risen as prices fall

EV SHARE OF USED CAR MARKET ON AUTO TRADER
O-5years old.

9%
8%
7%
6%
5%
4% ’/1‘

3%

2% T
PN I
19% ’/_‘/M/W/

O% r T T T T
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——EV share of used car stock EV share of used car ad views 7 per. Mov. Avg. (EV share of used car leads)

:AUtOTerer Source: Auto Trader internal data



The price gap has closed considerably - some electric models are

now being cheaper than their ICE equivalents ofterthM

EV VS. ICE ADVERTISED PRICES AFTER THREE YEARS s —— . - ' =
Average prices - 2 : :
mmm Difference 3year old BMW 3 Series ‘ fbifference ‘3‘, - 3yearold Jaguar F-PACE
3yearold Tesla Model 3 3year oldJaguar [-PACE

Aug-22 Apr-23 Aug-22 Apr-23
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T

g J/
Leading to more sales in Q1 with volumes doubli

sales are now electric

USED ELECTRIC CAR SALES: PROXY YOY
Based on the cars removed from Auto Trader -

140%

120%
100%
80%
60%
40%
20%

0%

=AutoTrader J B




Month-on-month used EV prices fell for eight consecutive months -

but latest data shows a slight recovery

USED CAR RETAIL PRICE GROWTH

Month-on-Month
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Future RVs on electric vehicles were very strong b
raomped-up, but have dropped recently in resp

E S
FUTURE RETAIL RESIDUAL VALUES BY FUEL TYPE: 3 YEARS, 30K MILES

1stday of each month snapshot
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Used EV demand is up and leads have
grown by 83% YoY — positive signs

Supply is +184% - this is impacting speed
of sale, with electric the slowest-selling
fuel type

Prices have fallen 18% YoY, leading to a
significant drop in the upfront price gap
to ICE

Signs that this phase of maturation is
impacting future values



Barriers to adoption
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Reasons to reject are numerous - 31in 4 say cost puts them off, 40-45%
cite charging concerns and 40% worry about batteries

REASONS TO NOT CONSIDER AN ELECTRIC CAR
Multiple answers

73%
40%
They're too Worry it might  Charging times Nowhere | prefer Batterieswon’'t They have poor Don’'t know Nowhere Not
expensive not be charged are too long convenient to petrol/diesel lastlong before range enough about convenientto environmentally
whenlneedit charge it at engines needing to be them chargeitataawork  friendly to
home replaced produce

& der study May-23,n=1,080
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The big thing to getrejectors to consider in futu

REASONS TO CONSIDER AN ELECTRIC CARIN FUTURE
Multiple answers

Cheapertorun

Environmentally friendly

No tax

Cheaper to maintain
Government purchase incentives

No congestion charge

Simpler to maintain

= AutoTrader




And the information they need is ba
and charging

WHAT INFO THEY NEED TO CONSIDER AN ELECTRIC CAR
Multiple answers

e
That the batterieswill Thatlwouldbe ableto Thattheycancharge Therange would always Thatthey are asgreen Thatit willhave decent How they drive
last charge it conveniently quickly enough forme be enough forwherel asreported resale value
needto go

Source: Auto Trader study May-23,n=1,080

= AutoTrader



Cost of buying and running is a reason to
reject for three quarters

Cheaper running costs and incentives to
buy are the main reasons to consider in
future

Battery health is the top information
need, with charging info next



= AutoTrader
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What is the difference between these two vehicles ?

Renault Zoé Life R90 Renault Zoé Life R90

Q



The battery State of Health!

Renault Zoé Life R90 Renault Zoé Life R90



Our solution : Moba Certify Pro

The first trusted third party that
certifies the battery State of
Health of EVs




The simplest tool on the
market to certify EV’s

batteries

Easy & Fast to use
Intuitive

Without training
Multi-brands

+90% of BEV market
covered



Our clients references

& TOYOTA  Emil Frey ®Aramis

and more than 100 other companies in Europe...
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Bosch Battery in the Cloud

BOSCH



Battery in the Cloud
Usage Certificate

Accuracy

One Shot

Quick
certificate

Snapshot
Analysis

Permanent
Evaluation

Lifetime
Monitoring

verified

BOSCH



! ClearWatt

Patrick Cresswell
Managing Director

www.clearwatt.co.uk



) ! ClearWatt
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from WAE

James Wallace — Product Lead



10 years of real-world electrification experience, rapidly innovating
across industries, environments and technology paradigms

Strictly Private & Confidential, © WAE Technologies Limited 2023
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Degradation Degradation Path Dependency

Battery Lifetime potential
Is path dependent...

100%

95%
Two cells cycled to the same
capacity may have very
different prognoses, depending
on how they got to this point
(the use-case), even if they are e
treated equally from this point
forward.

90%

85%

Capacity

75%

70%

Two |ldentical Cells, with different histories

Cell 1, Use-case 1

Traditional Remaining

== Cell 2, Use-case 2

| (Bl T RE  [El laHi
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Platform Overview  Summary: Targeted, actionable, battery analytics

e Simulations

Jintenance

5. Bespoke BMS
Calibration
et-specific parameter

A= Y ) e | ation according to
| ) | &

orld performance KPIs

ge Sensitivity Insights

ntegration into Fleet
Management Tools

Strictly Private & Confidential, © WAE Technologies Limited 2023 m
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James Wallace
Product Lead — Battery Intelligence
Jjames.wallace@wae.com



Alex Johns

Business Development Manager

ilQltelium

The Value of Battery
Health Certificates

— The Altelium Practical Approach




Methodology

Technology Overview

Our end-to-end tech platform enables the analysis of individual EV batteries on dealer forecourts, the
provision of dealer reports and real-time reporting to vehicle owners.
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Dealer Report EV Insights
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ilQltelium

We provide Dealer Extended Warranties,
Dealer Reports and EV Insights

Altelium provides EV Warranty solutions across the EV ecosystem for OEMs, Dealers, Leasing Companies,
Fleets and Battery Cell OEMs. Our solutions include customer centric Dealer Reports and EV Insights for EV

Drivers.

EV OEM + Extended Warranty

Product: Battery data-driven OEM and Extended
warranty

Coverages: Electrical and Mechanical Breakdown
and Performance Breakdown
(battery degradation risk)

Client: EV OEM /[ Dealer / fleet [ leasing company

Benefits:

+ Balance sheets protection

* Reduced buyer finance costs

* Increased buyer confidence

* Increased battery residual value

EV Dealer Report + EV Insights

EV Dealer Report
Benefit:
+  Purchasing and pricing accuracy
+  Ability to assess EV batteries
*  SoH and battery quality

EV Insights for EV Owners as part of extended
warranty

Benefit:

+  Battery health reports

+ Tips to prolong battery life

* Rewards program -> Behavioural management
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Final Thoughts

e Chair summary

 Thank you to Autotrader for supporting today’s event

 Thank you to our speakers and you for participating in today’s event

* Feedback & Suggestions: please spend a few minutes to complete the
feedback survey when you receive the email
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