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Li-ion Cells

Cell = Electrochemical Formulation + Cell Package

Cylindrical Pouch Prismatic Rolled-Ribbon

Current Cell Packages New Cell Package!
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Why a new cell package?

e The Problem

e Current cell packages are designed for low-power low-capacity

They do not scale up well for high-power high-capacity requirements
Performance decreases, cost increases

Impedance and thermal issues emerge, difficult/impossible to solve
Heat is the archenemy of electrochemistry

 The Solution — Rolled-Ribbon®

* Reduces impedance

Provides unparalleled thermal performance

Infinitely scalable, no cost penalty

Compatible with all present Li-ion electrochemical formulations

* Every Li-ion electrochemical formulation performs better in a Rolled-Ribbon package
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Why does this matter?

High-Power High-Capacity Market
$43B (2020E) to $70B (2023E)

| I

2015 2016 2017 2018 2019E 2020E 2021E
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Structure of Current Cell Packages

+ve/ve Terminals and Safety Vent
Metal Case

Anode __

Cylindrical

Electrode Configurations:

Wound-Tabbed

2021-03-16

_ +velve Terminals

Metallised Foil Pouch
Anode
Separator Cathode

Pouch

Electrode Configurations:

Wound-Tabbed
Stacked-Tabbed
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__ +ve/ve Terminals

o

/
oo Pressure Relief Vent

Metal Case

Separator  Cathode

Prismatic

Electrode Configurations:

Wound-Tabbed
Stacked-Tabbed
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Wound-Tabbed Cells

Tab

Electrode

\_Long Electrical Path - High Structural Impedance
Long Thermal Path - High Thermal Resistance
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Stacked-Tabbed Cells
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Structure of Rolled-Ribbon Cell Package

Overmold &
Valve Assembly

Large Cathode Terminal for
Low External Impedance and
Heat Distribution-Dissipation

Cathode Pan-Terminal

Insulating Seal Ring
& Backing Ring

Electrode Roll Low-Cost Reel-to-Reel

Wound Interleaved Anode,

Winding Hub Cathode and Separator

Center Mating Stud

Anode Pan-Terminal
Large Anode Terminal for

Low External Impedance and
Heat Distribution-Dissipation
Cathode Electrode Edge
in Full Continuous Contact
with Cathode Terminal Rugged, Durable Cell Casing
Anode Electrode Edge

in Full Continuous Contact

with Anode Terminal Short Current Path for

Low Internal Impedance

Cross-Section of T Short, Low Thermal
Assembled Cell Resistance Path
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Rolled-Ribbon Cells

Electrode - Narrow Strip in Conti ntact with Cell T inal Electrode Extended to Increase Capacit

Short Electrical Path - Low Structural Impedance
Short Thermal Path - Low Thermal Resistance

Anode

Cathode
[ Separator

Electrolyte
Metal Can

CellC
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Cell Test Results — Impedance, Power

Current Cells vs. Rolled-Ribbon Cells

(Identical Electrodes)
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—— Wound Prismatic WP-2 (normalized)

~— Wound Prismatic WP-1 (normalized)

Rolled-Ribbon RR-1

Rolled-Ribbonreduced:
DCIR by 50% to 65%, ACZ by 75% and
High-Rate Temperature Rise by 23.5°C!

20 40 60 80
Depth of Discharge (% cell capacity)

Rolled-Ribbon -- The New Standard for Li-ion Batteries

100

Slide #10



2 Rolled-Ribbon

BATTERY COMPANY

2021-03-16

Cell Test Results — Thermal

Cylindrical

Prismatic

65.0

250

Pouch

Ve = S50
Min = 82.9

35.1
+

Rolled-Ribbon
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Cylindrical Battery Module

Molded
plastic
endcap

Cells

Cell to cell

Batte
interconnect M onitr:rin g
straps System
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Pouch Battery Module

Interconnect Cover m———
Laser Welded
Bus Bar Compression Band

Control

) = Pressure Plate
Electronics

Electronics
Cover Plate

Heatsink Plates

Lithium lon Prismatic Cell
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Prismatic Battery Module
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Rolled-Ribbon Battery Module

Flexible, Modular, Scalable
Stacked-Cell Design

No Wire Harness to Cell Stack
No Welding — Serviceable
High-Rate Capability

High Thermal Conductivity
Rugged, Durable Construction

Battery Monitor Board (BM)

Battery Interface Board (BI)

Battery Module Terminal
——

Battery Cell Stack
(Short Cells)

Cell Stack Terminal
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Battery Module
Endcap Assembly

Battery Module
Binding Rods

Battery Cell Stack
(Tall Cells)

Battery Module
Endcap Assembly

Battery Module Terminal
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Rolled-Ribbon Manufacturing Flow

Electrode Manufacturing
(future implementation)

Cell Manufacturing

Dry Room
Electrochemical Formulation
| Electrode Electrode RR Cell RR Cell RR Cell RR Cell
: , ; o Vacuum s " Electrolyte -
mixing, coating, drying, 1 Slitting ’ Winding Assembling - Sealing
: Drying Filling
— — vapor recovery, calendering
Shipping-Receiving-
Stockrooms TT TT
1T 1T
Manufacture Purchase
Receiving | Stockroom Elec‘tr(‘Jdes Elec‘trc‘)des
Cell Materials %;?
__> S
2
Raw Battery/Module Materials | @
Materials
Charge . Cell 1
L Cells Retention F'Srg”ﬁe“ Formation o
Shipping Stockroom Testing 9 Cycling
Battery
- Batteries Assembly A'\S/Ig:rzlbel
& Testing Y
Battery Manufacturing
Finished
4 Goods
|
Scrap
Recycling- Scrap
Disposa Quality
Control Lab
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Rolled-Ribbon Electrode Slitting
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Rolled-Ribbon Electrode Roll Winder
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Rolled-Ribbon Electrode Roll (mirrored)
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Rolled-Ribbon Cell Assembly

Overmold &
Valve Assembly
Large Cathode Terminal for
Low External Impedance and
Heat Distribution-Dissipation

Cathode Pan-Terminal

Insulating Seal Ring
& Backing Ring

Electrode Roll Low-Cost Reel-to-Reel

Wound Interleaved Anode,

Winding Hub Cathode and Separator

Center Mating Stud

Anode Pan-Terminal )
Large Anode Terminal for

Low External Impedance and
Heat Distribution-Dissipation

Cathode Electrode Edge
in Full Continuous Contact
with Cathode Terminal Rugged, Durable Cell Casing
Anode Electrode Edge

in Full Continuous Contact

with Anode Terminal Short Current Path for

Low Internal Impedance

TR <52mm
Cross-Section of Short, Low Thermal
Assembled Cell Resistance Path
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Rolled-Ribbon Cells

LFP: 136 x 15 mm, 3.2V @ 15Ah
LFP: 165 x 15 mm, 3.2V @ 22Ah
LFP: 165 x 15 mm, 3.2V @ 45Ah
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Rolled-Ribbon Battery Modules

48V @ 4.5kWh & 2.25kWh 48V @ 1,000Wh & 720Wh
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Summary & Key Takeaways

* Technical Issues
* Cell package designs are not equal
* Internal temperature is what matters
* Low thermal resistance between cell electrodes and casings is key
* Cells establish foundation (set upper limit of performance)

* Conventional Cells
* Poor power capabilities — impedance and thermal issues
* Poor thermal properties — difficult to extract heat
* Don’t scale up well — higher power/capacity -> poorer performance

* Rolled-Ribbon Cells
* Better power capabilities
* Unparalleled thermal performance (50-200X)
 Scales up well — higher power/capacity don’t degrade performance
* Better cells — better batteries!
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Questions?

For additional information:

Website: www.rolled-ribbon.com

E-Mail: info@rolled-ribbon.com
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