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3 CBI Overview

RESEARCH
Better batteries

Facilitate improvements in battery and
systems performance

o To T T I

Market analysis

Technical roadmap

Core research program

Government & other funded research
Technical exchange

COMMUNICATION

Better recognition
(non-user stakeholders)

Communicating innovation in lead battery
performance and applications

A

A
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Demonstrate lead batteries technology of
future-change perception

Direct stakeholder engagement (MEPs,
Commission, DOE, Governments)

Media Narrative (Social Media, articles,
videos, PRs, blogs etc.)

Lead battery information hub (website-
technical data, market information etc.)

COMMUNICATION

RESEARCH

MARKETING

TESTING /

STANDARDS

[ESTING / STANDARDS

Better recognition
(industry/legislative standards)

Tests and standards that recognize lead
battery benefits

Test method development

Technical exchange on testing
Linking research to standards
Coordination of industry input into
standards committees

o oo To T

MARKETING

Better recognition
(end users)

Improve end user recognition of lead battery
benefits

Workshops

Interactive Map

Case studies and videos

Battery Match

Target industry media

Demo projects

Conferences and exhibitions
Technical papers and publications
Lead battery resource hub (website)
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Progress since | ast CBI os 2019 Techn

% DOD
@ Auto @ B(.;};cle: life

Dynamic Charge Acceptance

2019
2019

2021
2021

2022
2022
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Automotive
(start-stop/micro-hybrid)

Ensure that recent improvements in Dynamic Charge
Acceptance (DCA) are maintained, whilst improving
high-temperature performance and ensuring

no trade-offs in key parameters such as Cold Crank
Amps (CCA) and water loss.

Automotive
(low-voltage EV)

Improve DCA and charge acceptance, whilst
increasing charging efficiency and lifetime.

Energy Storage Systems

Improving cycle life, calendar life and round-trip
efficiency whilst reducing acguisition and operating
costs.

®

®

®

' CBI 2021 Technical Roadmap

Industrial applications

Improving cycle and calendar life, whilst reducing
battery costs.

Motive Power

Lowering TCO by increasing cycle life, recharge time,
and producing maintenance-free batteries.

Other applications
(including e-bikes)

Improving gravimetric energy density, recharge
capability and service life.
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@ CBI market report 2021, Avicenne

Battery Market for SLI

400000

300000 -

200000 =

100000 =

MWh

ToR(o
O )]
QN d

2017
2018
2019

2020

2021

2023
2029
2030

2022
2024
2025
2026
2027
2028

Micro-hybrid vehicles continue to grow as a significant

market for the global automotive battery sector. By 2030,

60% of global sales will be micro-hybrids, with Europe
leading the way with an expected 82% of sales by 2030,
and the US close benhind with 75%.

5 12V Automotive Battery Market
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CBI market report 2021, Avicenne
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% Automotive KPIs i |ISS/Micro-hybrid

Indicator (start-stop, micro/hybrid) 2021/2022

DCA (EN 50342-6, A/Ah) 125 20 20
. Ford Run-In Test B (A/Ah) 10 156 20
Automotive
(start-stop/micro-hybrid)
Ensure that recent improvements in Dynamic Charge Durability: HTE (IEC/CENELEC 16 20 20
Acceptance (DCA) are maintained, whilst improving draft)
high-temperature performance and ensuring
no trade-offs in key parameters such as Cold Crank Water Loss - EN/HTE (g/Ah) <3 <3 <3
Amps (CCA) and water loss.
CCA, RC (comment) Must not be Must not be Must not be
compromised compromised compromised

EN 50342-6:2015 (M1, M2, M3 classification) should be used for cycle life requirements
Maintain 15 weeks of SAE J2801

3 DCA testing from EN 50342 — 6 : 2015 theoretically only allows a DCA value up to 167 A/Ah (33120). DCRss discharge rate may

be too low. An adjustment of the EN DCA protocol woul



Automotive KPIs T Low Voltage EV
(Auxiliary)

DCA and CA are important metrics to consider in auxiliary
batteries.

The actual use of auxiliary by OEs and the consumer alike is
unpredictable, and further test development is likely needed.

Float charging may be a concern i accurate testing of this
use case Is underway within IEC.

Automotive
(low-voltage EV)

Improve DCA and charge acceptance, whilst
iIncreasing charging efficiency and lifetime.




ESS Growth

Conservative reporting predicts
massive growth
0 Strong growth in all areas.
o 1000 =of bhillions of dollars of
government moneys directed
toward this sector.

Key growth area for lead battery
iIndustry.
o Productization is vital.
0 Residential (Safe, advanced
batteries)
o 1-10 MW industrial (Multiple
technology approach
o Long duration, shallow cycling
(Lead battery chemistry excels
In this duty cycle).

2018-2030
Power Demands
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1 he projected cumulative energy storage system growth
in the next ten years. Taken from: US. Department

of Energy, "Energy Storage Market Report”, Technical
Report MREL/ TP-5400-78461, Decemper 2020.
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ESS Battery KPIs

@ Energy Storage Systems

Improving cycle life, calendar life and round-trip

efficiency whilst reducing acquisition and operating

costs.

Indicator

Cycle life (80%
DOD) as an
estimate for C10
or higher rates

Operational cost
for low charge

rate applications
(@above C10) — Grid
scale, long duration

Operational cost
for high charge
rate applications
(C10 or faster) -
BTMS

2021/2022

4000

012 $/kWh/energy
throughput

0.25 $/kWh/energy
throughput

4500

0.09 $/kWh/energy
throughput

0.20 $/kWh/energy
throughput

5000

006 $/kWh/energy
throughput

015 $/kWh/energy
throughput

Stretch Target 2030

6000

004 $/kWh/energy
throughput

010 $/kWh/energy
throughput
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ESS Battery KPIs

@ Energy Storage Systems

Improving cycle life, calendar life and round-trip

efficiency whilst reducing acquisition and operating

costs.

Indicator

Round Trip Effi-
ciency (%)

Energy Density
(Wh/l)

Safety

2021/2022

80-100 10 120

Maintain safety — deploy charging algorithms o control gassing

Stretch Target 2030

92
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¥ Telecom Market and Drivers

0 Strong market
current reports.
o H&V market iInformation
gathering has Indicated ~23%
growth in market to April 2021.
0 5G deployments combined with
deferred orders during 2020
(due to COVID).
o Demand is very strong.

growth beyond

0 Healthy CAGR ~4-6%
decade.

over next

0 5.6 GWh predicted.

CBIl market report 2021, Avicenne

Telecom Market

25 —

20 |—

5 p—

10 p—

GWh

2010

L ead batteries remain the dominant technology

for telecom, back-up and UPS applications. For telecoms
and back-up they provide an invaluable resource

N keeping the power on in blackout events, with a growth
of 56 GWh predicted between 2015 and 2030.

2015 2020 2025

2030
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Lead Battery KPIs for Telecom Applications

@ Research targets
KPIs for lead batteries
in telecom applications

Indicator 2021/2022

Calendar Life on float Hyat 20°C 10y at 40°C
. . . 20y at20°C
@ Industrial applications
Improving cycle and calendar life, whilst reducing Cycle life 300 at 80% DoD 500 at 80% DoD
battery costs. (Testing should follow IEC
60896-21/22)
Cost $175/KWh $150/KWh

Maintain Safety and Recyclability, Maintain Shelf life
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» UPS Market and Drivers

CBI market report 2021, Avicenne By enhancing the cycle life and charging efficiency of lead

UPS Battery Demand batteries, whilst lowering total cost of ownership (TCO)

o Data center 9 rowth has pus hed future opportunities for kead battery technology in this

this market to new plateaus.
0 Lead batteries enjoy a small
footprint due to current

market are substantial.

25
IFC/NFPA standards.
o Similar to Telecom market, 0
approximately 5.5 GWh growth
from 2020.
5

o Also similar to telecom,
unprecedented market growth 10
(~17%) due to back orders and [
Investment In data center
growth. £

GWh
2010 2016 2020 2025 2030



Lead Battery KPIs for UPS Market

@ Industrial applications

Improving cycle and calendar life, whilst reducing
battery costs.
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