") BATTERY
* INN®VATION

The Importance of Lead-acid Batteries to the
Growth of the Energy Storage Sector

Presented by:
Carl Telford, Ph. D.

CONSORTIUM FOR BATTERY INNOVATION - LEAD BATTERIES ELECTRIFYING THE FUTURE

¢ CBI MEMBERS

Y ABERTAX" Advanced AHLSTROM ) . N ) @p g 2 "
O S © Battery Concepts l‘l MUNKSI® ) Arcactive I associated _\ﬁru';ngﬁ
T, e rowtnmcrshed -

Addenda Corporation

r ; ) .
g aretek B BOLIDEN Borregaard s .
& b gl B Soaeer (W) BOLDEN e €EED casor®  Campine

battery crnoroy

pn W Electric -
= CLARIOS //7;?,%77 DARAMIC [HDO0ETeY  Gotsciow < [ISENN (EBL _ ecobat Eﬁ&ys

g QEXIDE FOCUS Iz =N" " 2ei:iNee 1} o Gopher {j} GRAVITA  GRIDTENTIAL  (GSYUASA
GLOBAL LEAD
ales} Technologies Creating the Future of Energy

@ HYLUNDAI inbatec _ HFSAB ! N v A
HAMMOND r—7— KUSTAN [::' !:..,.K,,.,. ol !‘y oo ¥ Kenm
aVose -

Hokurnas Losd H 3
MINING COMPANY

CUTTTIE A wanrnns MAC Giuso [ [NSE  moNeaT

LEOCH BATTERY

iy,

Korea Zinc

+ ' .

oua MPI & narada OfION ™ @PENOX (e omum: M JIRKELL @mwsmn @ solveteq
2> STRYTEN i e T =T ™ The Y 7

@ S oo Gawrnre SUNLIGNT irss; Teck . () cramnene  TRAFIGURA Promn TAANGYA

WAZESAR

TEGHOL0GY FOR BATTERES

© waveTecH




CONSORTIUM FOR BATTERY INNOVATION - LEAD BATTERIES ELECTRIFYING THE FUTURE

CBI PARTNERS

N

7N
“Zameren  Argonne & @ a o 2 eumosar

% Fl'aunhOfer Imperial College l I\I\/l /\ E@ER

Loughborough
= London RWTHALCHEN @ !,_,,_,A., P iy
e b
MISSOURI
NUVATION = SWIN
RO S&T ENERGY Ri-i % % BUR

*NE-

Kora

UCLA \WNT

UNIVERSITY
‘OF NORTH TEXAS

w Wroclaw University

WARWICIK G o scence an Technlogy

Up3a

CONSORTIUM FOR BATTERY INNOVATION - LEAD BATTERIES ELECTRIFYING THE FUTURE

MAP OF MEMBERS AND PARTNERS

2

Battery Manufacturers

Industry Suppliers

Research & Testing Institutes,
Universities, End-users

. North America Europe . Asia

. South America Africa . Australasia

Lead Producers

End-users
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CBI AREAS OF WORK

RESEARCH

Better batteries

Facilitate improvements in battery and systems performance
«  NEW Market analysis

TESTING / STANDARDS

Better recognition

(industry/legislative standards)
Tests and standards that recognize lead battery benefits

. SOW »  Test method development
+ New Projects-core research program : Iﬁi?nngl;crael seex:rzint%esto:nfasrtjilg
* Technical exchange RESEARCH «  Coordination of industry input into standards
committees
COMMS/ TESTING/
MARKETING STANDARDS
COMMS / MARKETING STAKEHOLDER FUNDING

Better recognition Securing investment in lead
Promoting innovation in lead battery performance and applications

Demonstrate lead batteries technology of future battery projects

Direct stakeholder engagement + Preparing and submitting bids

Media Narrative (Social Media, articles, videos, PRs, blogs etc.) + LOCELH2

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

Workshops « US Military Project

Interactive Map *  ANL Project

Case studies and videos +  Multiple other bids in preparation B
Battery Match

Target industry media

Conferences and exhibitions
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{/ ESS Growth

2018-2030 The projected cumulative energy storage system growth . us
in the next ten ye ken from: US artment
o conservative reporting Power Demands of Energy, “Fme&(q, orage Market Report”, Technical . .
predicts massive growth. Report MREL/ TP-5400-78461, Decermber 2020 @ cEurope

o Strong growth in all areas.
o 100's of billions of dollars of

government moneys [ ]

directed toward this sector. 180

160
o Key growth area for Ilead

battery industry. 1o
o Productization is vital. 120
o Residential (Safe, advanced o

batteries)
o 1-10 MW industrial (Multiple 80
technology approach 60

o Long duration, shallow

cycling (Lead battery .
chemisty excels in this duty 20
cycle). GWh

2020 Numbers wildly underestimate predictions set for 2023!

”n .
{ ESS Growth

BESS by Year (GWh)
o Conservative reporting predicts

massive growth. s
o Strong growth in all areas. ) 600
o 100s of billions of dollars of g
government  moneys  directed 5 500
toward this sector. <
& 400
o Key growth area for lead battery :,J,
industry. ] 300
o Productization is vital. 2 200
o Residential (Safe, advanced w
batteries) E 100
o 110 MW industrial (Multiple o a8
technology approach) & 0
o Long duration, shallow cycling (Lead 2020 2025
battery chemistry excels in this duty g ggss by Year 17 148 585

cycle).

The predicted need is roughly the current source: ntemationai energy agency, 2023
size of the global lead battery industry!!!! .




o Focused research on the residential
ESS market has uncovered a large
previously poorly recognized market.

o Massive Growth predicted for India,
South America (other than Brazil),
most of Africa, Southeast Asia, and
Western China.

o Member companies are market
leaders in almost all of these
regions.

o Luminous, Exide, Amara Raja in
India and South America.

o Distributed market in Africa -
C&D Trojan and Enersys have a
presence.

o Still  trying to understand
Chinese ESS market.

o The Indian lead market is changing
and some battery manufacturers are
now toting “responsible sourcing”.

o Overall need for more lead for
residential lead ESS is in the 1-1.5
million tonnes in the next 2 years.

o Need is for Sn alloys and suitable
secondary...and primary for active
material lead.

This represents
a possible 1.5

million tonnes
of added lead
need by 2030.

ESS Growth - Markets to Watch - Residential
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10



o

&y —
f % Huge Potential for Lead Batteries

CONSORTIUM FOR

This report reflects the market potential Y EB\N%\E/E_\F('@N

for lead batteries in BESS applications at
large and in a key developing market,
Electric Vehicle Fast Charging Buffering Energy Storage Market
for Demand Reduction (EV Buffer). For . Development Report
ESS (without EV Buffer), there is a real
opportunity for 2.0 $BN in BESS sales,
and a similar market for EV Buffer at 1.2 .
$BN as well. For both market This

. . represents a
opportunities it is only assumed that lead possible
batteries would capture 10% of the 500-750 kT
potential market. LT B

How do we get there?
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ESS Boost*

Energy Storage
Systems Blueprint

Enhanced Government
Funding Drive

Additional

Communications

*Additional to CBI Core Program

ESS KPIs

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

OUTCOMES

Lead battery ESS technical
blueprints & economics

More government funded
ESS projects

Increased media reporting
on lead batteries for ESS

Appropriate regulations

Increased government,
investor & user interest

Broader lead battery
industry support

4000

012 $/KWh/energy
throughput

0.25 $/kWh/energy
throughput

4500

009 $/kWh/ener
throughput

0.20 $/kWh/energy
throughput

5000

006 $/kWh/energy
throughput

015 $/kWh/energ
throughput

Lead batteries

established in
global energy
storage markets

| iy
S INN®VATION

Stretch Target 2030

6000

004 $/KWh/energy
throughput

010 $/kWh/energy
throughput
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o CBI has put together a strategy document to help \

direct our future endeavours in ESS batteries. SR
.—‘\\ \'“ ". ul &

/‘-4/ /,

4“ _ “ & TE
o The four main areas for action are: i

o Increasing the performance of lead batteries in
Energy Storage Systems (ESS).

o Supporting the productization of lead battery ESS
within CBI member companies.

o Securing government and key stakeholder
funding for ESS lead battery projects.

o Communicating and marketing the benefits of
lead batteries in ESS to key stakeholders.

& —
{I} Increasing the Performance of Lead Batteries

o The CBI Technical Program has projects focused

on understanding how lead batteries change UCLA _ .
during BESS operation, the positive impact of GRUOT=NTIAL

better  battery management on energy BB 8 Eledric
throughput, and foundational work on @01 Applications
understanding the pros and cons of bipolar in B Incorporated
residential ESS. !:A!,%MMPND
s
o Itis expected that CBI will fund further projects in 'EASIPENN
the BESS area in future technical programs. MDE®
S
o Standard representation and push to make sure ‘ ICMa frenmorostes
the technical benefits of lead batteries are : S g

addressed appropriately.

16



t

ﬁ Technical Program Example: EAI

Improvement Using Controlled Overcharge

’

/ ”%&

o Project  goal: Use  alternative battery
management  principles  centered around
controlled overcharge to maximize lead battery
life in ESS applications.

Main Findings:

String testing and pack testing of conventional
AGM and Gel products is complete.

Design principles have been described to
mitigate current imbalance in parallel and series
strings.

Overcharge control demonstrated significant

increase in energy throughput (~50% increase in
a conventional AGM product)

@3 Supporting the productization of
- lead battery ESS

o Potential lead battery-based ESS blueprint
project for EV fast charging buffer design
project.

o Expand blueprint program to cover other
BESS applications such as residential and
long duration storage.

o Establish a network of vendors and partners
for control and power conversion systems
for use by the industry.

o Projects organized with utilities, like Ameren,
have been setup to provide an effective
place to productize for key markets.

BB B Electric
@0 Applications
| Incorporated

100

Typical approach for management:

1. Requires equalization

2. Operatesin 40-80%

3. Reduced available battery
capacity

M‘”””””W”‘WW””"W'1‘l'WH'H'U1'N'U’V‘”V”'W’ﬂ'l”'WWW”W”’W
NIRRT
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System Design Proposal
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N4 What is Needed...Products!

o A systems approach is required to sell ESS based
on lead batteries.

Working as a group to develop this further,
creating designs and designated vendors/partners
for acquiring controls, power conversion
equipment, integration, and enclosures/racks.

Developing toward EV fast charge and C&l demand
reduction.

Decommissioning —

]

T

]

a .

o Currently set for 2.0 (1 MW) MWh of ESS
backup, the EV fast charging microgrid will be
close to Ameren offices in downtown St. Louis.

o EV trucks will be incorporated into their fleet vehicles,
Ameren aims to have multiple fast chargers on hand.

o The BTMS setup will in actuality have some
behind the grid support functions for the local
area.

o Requires a robust solution - lead batteries were
chosen due to reliability and sustainability.

o Six companies showed interest, Great!

EV Fast Charging - 2.0 MWh Buffer

ESSInstalled —

Capital Price Endrgy-}
Storage | Storage - S Storage Power
System | System lorane Balance of Equipment
Block S
ystem
Controls &
I System Integration I Communication
Project Development
Grid Integration
Operating —
Costs ” I

RTE Losses WETET

—

Costs* ‘

Recycle/Disposal

Performance —
1|
I
!

Metrics Response Time

Calendar Life ] 1
4

Technical Report Publication No. DOE/PA-0204 December 2020

/
GSYUAsA 2
Sea?ng the Future of Energy ﬂAmer EI’

==
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LoCEL-H2 (or Low-cost, Circular, plug & play, Off-grid Energy for remote
Locations including Hydrogen), will pair advanced lead batteries with green
hydrogen to deliver a new source of clean, reliable, and sustainable energy

storage for off-grid communities in Africa.

Co-funded by the European Union

us Military Microgrid Project

8 Electric
<> P [E I Applications
- £”” O Incorporated

BATTERY Advanced
@ oN i RGO Battery Concepts
Better Batteries, Better World®

@VATIO
US Army Corps INN@VATION SOLUTIONS,INC
of Engineers.




@D ,
'". # Securing Government and Key -
" stakeholder Funding Pacific Northwest

o Seek performance enhancing projects with
government institutions like DOE, European
Commission and other Governments around the
work. Success has already been demonstrated
through awards from Horizon Europe, DoE and
Innovate UK.

o Target further technical projects with institutions
such as the US Army Corp of Engineers. CBI won
an award with the US Army Corp in 2020.

Contingency Basing Integration and Technology Evaluation Center

=] JCBITEC)

“The Joint Forces’ contingency basing engine for innovation”

o Actively continue to support programs at National
Labs such as PNNL and Argonne in US and ESRF
in Europe.

Maneuver Support Center of Excellence (MSCoE), Fort Leonard Wood

4
&® Advanced lead battery
~ research

US Synchrotron at ANL
Argonne National Laboratory

Site of lead battery research
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Consortium for Battery Innovation
3,809 followers
P )

— CBI has some new lead #battery projects on our il
map! From bringing electricity to 500 homes and businesses in Mali and Togo,

B ‘ Communicating and Marketi ng the ‘ 10powering#solar.off‘-.gridsystemsforSafariLodgesin'ranzfnia, see'mfri‘
Benefits of ESS Lead Batteries % -

o Marketing campaign aimed at providing technical
information to end users in BESS market. This
includes CBI Interactive map, case studies, videos
and technical performance information.

o CBI Battery Match which brings together CBI
members and potential clients in BESS market.

o Market and Economic reports showing market
potential for lead batteries and economic benefit of
using the technology. This will be a focus for CBI in
2022/2023.

o Expand Communication material aimed at policy
makers and key stakeholders. This would include
non-technical articles, blogs, videos, white papers
and social media campaigns.

o Increase development of material aimed at investors
in the industry demonstrating future market
potential for lead batteries in ESS.

CBI Objectives for ESS Development

e I
SaN
-

a2
B

o Enable the lead battery industry to provide
technically strong, economic battery
solutions to ESS systems.

o Make end-users in ESS aware of the
economic and technical benefits of lead
batteries.

o Change the narrative around the future of
lead batteries in BESS, highlighting the
significant role lead batteries will play in
this market in the future.
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Thank youl!

Carl Telford -
Senior Research & Innovation Manager
carl.telford@batteryinnovation.or

+ 44 7874 878722

October 2023




