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INNOVATION — MORE THAN JUST A GREAT IDEA
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(VoC, major customer problem) _
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THE INNOVATION HYPE CYCLE
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BEV & PHEV REGISTRATIONS

Figure 1.3 Electric car registrations and sales share in selected countries
and regions, 2018-2022
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REGIONAL VIEW ON PRICE AND RANGE

Figure 1.7 Sales-weighted average retail price (left) and driving range (right) of BEV
passenger cars in selected countries, by size, in 2022
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WHERE DOES A 250-MILE RANGE GET YOU

Source: Global EV Outlook 2023 - IEA
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FUTURE OF 12V LEAD AUX auxary BATTERIES IN EV’S

© Constantly monitor the performance e Can prevent accidents from o Avoid or mitigate an accident
and surroundings of a vehicle happening altogether pre-impact, so before it happens
...or actively help the driver
to reduce the impact

Anti-lock Electronic Autonomous Lane departure
braking stability emergency warning (LDW)
control (ESC) braking (AEB)
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CHALLENGES FOR AUX APPLICATION

= Definition of warning and replacement criteria
= Safety State of Function Criteria
= Internal resistance measurement
= How does the car know the AUX Battery need to be replaced?

Internal Resistance (mQ)

ge Internal Resi: -Temp with % SoC Variation Curve

battery voltage real
AAR-40.40 E5B-49 Low Temp e Internal Resi vs. SoC ER-23-128

battery
behaviour

__________________________________________ Procedure: L

Fully charge 126
H Discharge 2 x I, untll desired SoC
--------------- dememmamne] Pause24 hat 25°C, Measure IR
Pause 24 h at -10°C, Measure IR 124

Pause 24 h at -25°C, Measure IR

: SOF = prediction l negative SOF eror:
N ; ﬁ impact on function
-@-25°C e i = . —
-0--10°C s 'U2 i v availability
== for safety decisions, vehicle §§ positive SOF error
factors in speciﬁeq SOF errorg UAU. g 23 too optimistic”
- 7 . : s lgatety Only positive errors above AU specification
risk? would cause a safety concem.
1.0 ’ : Dennis Kurzwell (dgkuzweigford com) A generic approach 1o state-of-hunction (SoF ) verfication Date Issued: 04 November 2020
0% 20% 40% 60% 80% 100% Ecknord Karden (ekarden@ford com)
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USA ELECTRICITY GENERATION AND ADDITION

1,296,875 MW Generation 2023 253,262 MW Addition 2016-2023

B Natural Gas H Coal B Wind W Nuclear W Natural Gas H Coal m Wind B Nuclear
Hydro W Solar N Other Hydro W Solar W Other
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USA ELECTRICITY GENERATION AND ADDITION

35,800 MW Addition 2023 45,300 MW Addition Projection 2024

B Natural Gas H Coal B Wind W Nuclear W Natural Gas H Coal m Wind B Nuclear
Hydro W Solar N Other Hydro W Solar W Other
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THE DEMAND AND SUPPLY ISSUE OF RENEWABLES (CA)

Typical Spring Day
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MICROGRID OPPORTUNITY

Lyons Solar Field

_— ] = 20 MW solar field (max peak on a sunny day) ...
ENERGY STORAGE (=" GENERATOR we are getting 15 MW

= Siteis 110 acres
ELECTRIC VEHICLES = Projected generation kwh = 37,538,024

= Assuming a typical home uses around 10,000kwh
annually, this project generates enough electricity to
power around 3,754 homes per year.
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EV FAST CHARGING

Blueprint Project CBI
KNOW YOUR EV CHARGING STATIONS Consortium for Battery Innovation

DC Fast : :
* 100k EV fast charging stations p.a.
AC Level One AC Level Two Charge - . ging P
* 50+ Billion $ invest

B » 2V Lead and 12V Lead options

» Battery Characteristic defined
+ Design Phase started in December 23
F— S=—— ~———— . Partner with system designer and
120V 1-Phase AC 208V or 240V 1-Phase AC 208V or 480V 3-Phase AC Integrator

AMPS AMPS AMPS + SEL (BMS - Battery Management
12-16 Amps 12-80 Amps (Typ. 32 Amps) >100 Amps System)

CHARGING LOAD CHARGING LOAD CHARGING LOAD « EPC (Inverter)

14-19 kW 2.5-19.2 kW (Typ. 6.6 kW) 50-350 kW . PI’OjECt close out Fall 2024
CHARGING TIME CHARGING TIME CHARGING TIME
3-5 Miles per Hour 12-60 Miles per Hour 60-80 Miles in 20 Minutes

Aggressive goal from VTO (Vehicle Technology Office of the Department of Energy) = 200 miles in 10 minutes
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Limited Confidence in results for sodium, supercaps,
thermal, and hydrogen due to poor response rate.

2030 Suitability Ratings

100 = Perfect Score. Traffic signal-style color coding with
green being more positive than yellow, which is more
positive than shades of red.

Lead Acid Sodium* Supercaps* Thermal* Hydrogen*

Facilitating an Evolving Grid X 2 4 X d i 81.8 774

Serving Remote Communities . . p ¢ . . 5 87.0

Electrified Mobility (Vehicles)

Electrified Mobility (Charging Infrastructure)

Interdependent Network Infrastructure

Critical Services

Facility Flexibility, Efficiency, and Value Enhancement (Buildings)

Facility Flexibility, Efficiency, and Value Enhancement (Generators)

Significant improvement envisioned for nascent
technologies, with particularly strong performance
predicted for flow batteries.
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GLOBAL REVENUE IN DATA STORAGE
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i@l Cycle Life «» Design

NAM PAM crystal Product Process Systems
Compression Sulfation structure Design Design Design
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§ High Temperature 1 Variability
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Mechanization,
water and
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Mass production, Computers,
electric power, automated
assembly line production,

electronics
1900 2000
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Cyber-physical
systems, |oT,
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machine learning

2010
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KEY TAKEAWAYS

r X

The future of
transportation
is electric

and lead
batteries will play

a significant role

Energy

Storage

present
opportunities
for batteries

not only for
Lithium but also
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From Batteries
to Systems

generate added
value by
extending the
product offering
into a system
offering

Industry 5.0

use technology
to help the
human being for
better work
conditions and
decision making

N
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Innovation

the driving force
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“The future
is embedded
in the
present”
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Thank you for your attention
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