From Legacy to New Markets — the Need for Lead

Batteries in ESS and Stationary Applications
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Map of Members and Partners
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Batteries as a Cure-All

Electrification has strained global supply chains and
resulted in unparalleled growth in battery production

» The global demand for data storage has increased dramatically —
500 kW server racks are being developed!

+ +800 GWh of battery energy storage estimated by 2035.

» 3-4 TWh of battery storage for EVs by 2030, doubling current
lithium-ion capacity in the next five years.

+ All complicated by increased regulation, a drive to commodity
pricing, larger loads, disrupted supply chains, tariffs, incentives,
and continued innovation.

Avicenne Energy, 2025
KPMG, 2025
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Lay of the Land for ESS/Stationary

Legacy Players On the Horizon

Li High energy density, High Cost, Long cycle life Good power, Cost and Production Issues,
advanced Sustainability issues, Availability issues Safe, Sustainable

Li Good energy density, Good Cost, Good cycle life Good energy density, Good cycle life,
LFP/NMC Sustainability issues, Safety Issues Cost and production issues

Good cost/power, Sustainable, Safe, Low Cycle Life Great cycle life, High Cost, Low Energy Density

Good power, Safe, Good High Temp Life Great cycle life and cost, Very low energy density
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Markets and Trends CBI is Watching

Key Markets to Understand
+ Batteries and battery systems related to energy generation and Enhanced Energy Storage Markst Development Program

utility use are fast growing market.

Lead battery ESS technical
blueprints & economics

» We are scrutinizing the ESS market and looking at the role of lead
batteries in:

» Commercial Microgrids

E
. [ E St
« BTM, mainly EV fast charge backup 3 Systems Blueprint Mors government fundsd Lead batteries
i i o ESS project tablished i
* Residential & PIISER ZSIO‘; blishe rg‘;
« Long duration/Resiliency in FTM/BTM 2 I e "ead batares for£55 storage markets
3

Additional Appropriate regulations ‘” BATTERY
Communications R INN®

Increased government,
investor & user interest

 Data center, EV auxiliary, and UPS batteries related to nuclear
backup are other key markets we are monitoring, and are being
blurred into ESS.

Broader lead battery
*Aditional to CBI Core Program Industry support
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Markets and Trends CBI is Watching

Key Markets to Understand

 Batteries and battery systems related to energy generation and

utility use are fast growing market. °
e g 7 StorageRenort
N , Techmcal.j\‘ =i —‘ ———
 We are scrutinizing the ESS market and looking at the role of lead Roadmap Tt 1 S oot e
batteries in:

* BTM, mainly EV fast charge backup
* Residential
» Long duration/Resiliency in FTM/BTM

* Commercial Microgrids Technology

Strategy

Assessment

+ Data center, EV auxiliary, and UPS batteries related to nuclear
backup are other key markets we are monitoring, and are being
blurred into ESS.

Findings trom Storage Innovaions 2030
Leac-Acd Batienes
July 2023
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Issue 1: Fire Safety is a Must!

Must be taken into account for the many stakeholders impacted

7 o ) # HazardEx - 7d
* Fire related incidents are becoming common

place across the entire supply chain, from , _ , -
] A fire at a battery manufacturing plant in Kaohsiung City, Taiwan left 15 people injured on
plant to use to end of life. 14 July. The blaze broke out at a ...

Battery plant fire injures 15 in Taiwan

o5 Angeles Times - 4d - on MSN
» Unprecedented amount of development to EPA OKs ‘unprecedented’ cleanup plan for battery plant months after
stymie the occurrence of thermal runaway. toxic Monterey County fire -

Six months after fire struck a giant lithium-ion battery storage facility, the EPA has
endorsed a plan to remove the highly ...

« NFPA, UL, IFC, IBC, and many other 2o 4d-onMsN
organizations are have created suites of Discarded battery causes fire at new Rumpke recycling facility

A fire broke out at Rumpke Waste & Recycling’s new $100 million recycling facility

documents and codes to support a solution. iy FRGHE A MO B, .
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Protecting the Advantages of Lead Battery ESS

Informing and representing the technology for fire and ESS related codes and standards

* UL 9540 (in NFPA 855) and UL 1973 consequently are

of interest.

VLA is exempt, VRLA exempt to 60 kWh.

» Swiftly becoming mandatory outside of the US.

» |FC and NFPA are mandatory in some way in all of

the US, spreading to Europe.

» Appendix H is currently out — go get approved for UL

1973,

UNDER SCRUTINY

Power
Conversion
System

BMS
Hardware

UL 9540

Standards for Energy Storage
Systems and Equipment

Battery
Stacks

UL 1741 UL 1973

Standard for Batteries for use
Converters, Controllers and in Stationary, Vehicle Auxiliary
Interconnection System Power and Light Electric Rail
Equipment for use with (LER) Applications
Distributed Energy Resources

Standard for Inverters,
IFC 2024, NFPA 2026

— lead-acid batteries
must be conformant

UL 1998 IEC 60730-1

UL 991
Automatic Electrical

Standard for Software in
Controls

Standard for Tests for
Safety Related Controls

Employing Solid State
Devices

Programmable
Components

*  BMS fault detection time
* BMS system reaction time

$IEEE W)

BMS Software
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Issue 2: Driving Battery Costs to the Bottom

Unfortunately, lithium battery prices are straining all developers outside of China

« An industrial push from China has made LFP very cost effective. 180
160 -—
* This has temporarily made cost a key driver for all battery development, & ’—/|\
putting a special burden on novel and innovative technologies. 120
=100 -
=
R il
* Lead and lithium continue to be UPS and Telecom products of choice — % 80 i i

lithium is product of choice in ESS. 60
+ Zinc and Nickel are growing.

40 n =
. . 5 . ) . 20 B -
 Will suppressed prices continue? Looking at profit margins for
companies like CATL, this can’t continue. 0

LFP cell NMC cell
m 2020 m2021 2022 2023 m2024 mQ12025

Avicenne Energy 2025 10
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More Growth, More Issues

Collateral issues with rapid growth of lithium-ion in China

The worldwide battery market in value by chemistry, Market value at Pack level’, 2010-2035, in US$Bn
2010-2035, GWh 666
9000 - 8452 700 -
_ 35
8000 - 600 A
7000 - u Others
o 442 m Others
6 000 -
4 624 Li 400 4 B g
5000 - c 600 Li-ion
s 7782 0 276
(™ 4000 - NiMH ) 300 -
2 —2:8- NiMH
3000 - 2459 381 !
3997 = NiCd AL 114 221
W 556 °o%  [1iare 100 7 e = NiCd
1000 - 420 u Lead- ﬁ -~ 62
Ml-! based 0 -.,.-.,.-.,.-.,.-;
X u Lead-based

2010 2015 2020 2025 2030 2035 2010 2015 2020 2025 2030 2035

(1) Pack level: pack including cells, cell assembly, BMS, connectors — power electronics (DC-DC
converters, invertors, etc.) not included

Avicenne Energy 2025
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Issue 3: Power Needs Keep Increasing!

Requires more and more battery backup, more and more redundancy

The workload demand for data centers...
..and the power they consumed

* 10 kW server racks for power were the most common 5
years ago.

1500 million compute instances

400 TWh

* 100 kW server racks are now becoming more and more 300 TWh
prevalent, especially in new builds.

1000 million compute instances

200 TWh

500 million compute instances

* 500 kW server racks are in process!!!!

100 TWh

* Al is the biggest culprit for power demand — ChatGPT is
to 10x more power hungry then a Google Search!

2016 2016 2017 2018 2018 2020 2021 2022 2023

@ Data center power demand @ Estimated total data center workload demand (right axis)

Source: Masanet et al. (2020), Cisco, IEA, Goldman Sachs Research Gl)ldmall
The data center power demand for 2023 is an estimate. Sachs

12
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CBI Blueprint Project:
Lead battery ESS to back up EV fast charging

Opportunity 1: Stabilizing the strain of electrification

Using advanced lead Supported by: In partnership with:
batteries from:

o SCHWEITZER
o Promn ecobat  Teck | [SELJssize,
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Large Future Market for BTM Systems

Lead batteries make a lot of sense for this BTM app

* In a baseline scenario, DOE predicts 182,000

L2 or faster chargers in the public domain
(would be many more for fleet charging!)

* Roughly 50,000 stations

* Assuming 1 MW, 2 MWh per location — 100
GWh of batteries for full back-up (completely
unrealistic).

* But 5% of them is already 5 GWh...

National Charging Network Supporting
33 Million Light-Duty PEVs by 2030

: 1,067,000 ports

¥ 9% ofthe

national investment

The Branches:
Public Destination Charging

right speeding* for neighborhood, office, retail

182,000 ports
39% of the

national investment

The Trunk:
Public Fast Charging

corridor and community

The Roots:
Private Charging

single family, multifamily, workplace

526,762,000 porcs

52% of the
national investment

The 2030 National Charging Network: Estimating U.S. Light-Duty Demand for Electric Vehicle Charging Infrastructure
nrel.gov;

14


https://www.nrel.gov/docs/fy23osti/85654.pdf
https://www.nrel.gov/docs/fy23osti/85654.pdf
https://www.nrel.gov/docs/fy23osti/85654.pdf
https://www.nrel.gov/docs/fy23osti/85654.pdf
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Lead Batteries Powering Residential ESS and Backup

Opportunity 2: Multiple Levels of Innovation Providing Best in Class Solutions

GreenSeal®
Base Platform $12K
Cheap
Good BMS
Arc Active $6K
Electrode® . ARCACTIVE  COMPETITOR
Designed toward $0
Consumer
-$6K
-$12K
BIPOLAR LEAD 30% LOWER COST THAN LFP
—— e

Modular 3 Retail Pricing, $/kWh 361 311
Cycle Life _ S gentation Needed 20% 0%
ApproaCh Centric g - Installation Cost, SM 1819 13.06
Maintenance Cost, SM 145 146

Aug/Replace Schedule ‘“51";‘& 1% Replaceyr 10
Advanced Replacement Cost, SM 845 5.04
Production Total Expenditure, $M 281 196
RTE, DC-De 93.5% 90%

LCOSE, $/kWh $0.099/kWh  $0.069/kWh

ivanced
Battery Concepts



CONSORTIUM FOR BATTERY INNOUATION — TECHNOLOGY FOR TOMORROW ‘,, g =
'\ INN®VATION

N

Advancement in Lead Batteries for ESS

Opportunity 2: Multiple Levels of Innovation Providing Best in Class Solutions

HCAGM
180% 120%
95% .
118%
20%
2y 1008%
2  85% ’
8 g
8 oo D go%
Q
< 2
S s
S Z  80%
f= ©
S 78% 8
(-: O 70% j=
& B5%
58% 60%
55% 50%
o \ %] 500 1000 1508 2000 2500
] 200 480 808 800 1080 1208 1408 1608 1800 2000 T ey
C/2 Cycles i PSOC EAI445 = PSOC EAI446 @ EAI447
——— EAI448 = == = Failure Capacity
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Consortium for Lead Battery Leadership

Opportunity 3: The team includes partners from national labs, industry groups, and 8 US Battery Manufacturers

cht:ih;c]awlcl_);tgwest ‘é EAS’PEN” @ E{lREYRTév
b """ * BATTERY 1
Cl councit | &

EARS Eﬂﬂl‘ I ;iy

Power”Full Solutions ; BAT‘T"CE“R’:Y
Argpnne CONSORTIUM FOR
BATTERY G P GRIDTENTIAL
INNSVATION TECHNOLOGIES. TROJAN
Advanced
—— Battery Concepts
= CLARIOS Better Battg:ies, Better Vﬁﬂd"
Oak Ridge
National Lab

17
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Hybrid ESS Offers New Opportunities...

Opportunity 4: Microgrids are fast becoming a panacea to power woes

 Batteries are moving out of data centers and into the
switchyard, what does this mean for UPS in Al data
centers?

 All of the sudden energy density is not so important for data
centers, and response time is dictated more by the
microgrid controller or RTAC.

* Laws and regulation changes are in process to allow this in
areas where local jurisdiction currently challenges large
scale ESS and microgrid function.

 This will mean a new platform and a new market for all
players.

[ DatacenterDynamics - 10h

KenGen installs BESS unit at modular data center in Nairobi, Kenya

Kenya's largest electricity company, Kenya Electricity Generating Company (KenGen), has
commissioned a Battery Energy Storage

Power Engineering - Tmon

Here comes a utility-scale battery designed for data centers that doesn ...

FlexGen and Rosendin are tinkering on a utility-scale battery solution to be situated outside a data center building, as part of
medium-voltage (1,000V to 35,000V) infrastructure

wx Microgrid Knowledge - 2d

Lighting the Way for West Virginia: Microgrid Law Aims to Attract
Data Centers, Then Share the Wealth They Generate

A West Virginia law—opposed by an environmental group—allows new data centers to be
served by behind-the-meter microgrids

18
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Cycle Life (Energy Throughput) is Key in ESS!

160%

Operating
SOC

20%

Deep cycle
batteries (no BMS,
Floating power full recharge): Deep cycle or bipolar Next Gen
(UPS): 10-100  ~ 500-750 cycles batteries (cell BMS, LDES-opt}mized lead
cycles/10-20 optimal SOC): batteries, advanced BMS
year life ~1000-5000 7000-10 000
80% DOD cycles 80% DOD cycles

Carbon enhanced (ultra-battery):
~10* — 105 microcycles

P #cycles x ASOC

Fister, ESGC Workshop, Seattle, 2024 (log scale)

) iy
@ INN®VATION
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Advancement in Lead Batteries for ESS

Cycle Life and Energy Density

Kxh

Energy Density

Bipolar is dropping 40% of the weight out
of lead batteries.

Packing an ESS, the actual design for max
density in an ESS, is being researched by
CBI.

Manufacturing (and ESS Capex) improves
with better energy density.

20
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THANK YOU

Please reach out to me at matt.raiford@batteryinnovation.org

@ BRTTERY
“ INN@VATION




‘consoatim ron

BATTERY
INN®VATION

un

R I bl

bef SO o

Lmmens e

e L

L k)

Y ammag pye - men
2y s

r Ol
e

IEINS .
EaEanaNsN




	Slide 1
	Slide 2: CBI MEMBERS
	Slide 3: Map of Members and Partners
	Slide 4: Batteries as a Cure-All
	Slide 5: Lay of the Land for ESS/Stationary
	Slide 6: Markets and Trends CBI is Watching
	Slide 7: Markets and Trends CBI is Watching
	Slide 8: Issue 1: Fire Safety is a Must!
	Slide 9: Protecting the Advantages of Lead Battery ESS
	Slide 10: Issue 2: Driving Battery Costs to the Bottom
	Slide 11: More Growth, More Issues
	Slide 12: Issue 3: Power Needs Keep Increasing!
	Slide 13: CBI Blueprint Project: Lead battery ESS to back up EV fast charging
	Slide 14: Large Future Market for BTM Systems
	Slide 15: Lead Batteries Powering Residential ESS and Backup
	Slide 16: Advancement in Lead Batteries for ESS
	Slide 17: Consortium for Lead Battery Leadership
	Slide 18: Hybrid ESS Offers New Opportunities…
	Slide 19: Cycle Life (Energy Throughput) is Key in ESS!
	Slide 20: Advancement in Lead Batteries for ESS
	Slide 21: THANK YOU
	Slide 22

