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Batteries 101

Lunch & Learn

We will begin in a few moments. We encourage you to use a separate phone to dial-in for the
audio and use your computer for the presentation material only.

Participants are automatically muted but may ask questions via your control panel.
If there are problems with the audio, please try dialing an alternate (US dial-in is 213-929-4221).
We will be taking questions at the end but feel free to submit questions at any time.

All past & future webinars listed at: www.varta-storage.com/webinars
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Batteries 101 M VARTA

Thinking of a battery powered design? Learn the basics of what is available, the

limitations, and the advantages.
Rechargeable vs. Primary (Non-Rechargeable)
Power vs. Energy
When Voltage Matters (& Current too)

And More...Charging, a bit of Chemistry, etc.

Presenter: Dan Friel, National Business Development Manager, VARTA
Linked-In: Dan Friel: https://www.linkedin.com/in/dan-friel-2004

Email: dan.friel@varta-microbattery.com

VARTA Storage — VARTA Microbattery Our brands; M VARTA powero@)) 2



Batteries 101 M VARTA
Definitions

Just the Basics...

Cell vs. Battery

Cell is a single element

_ Battery is a collection of cells, often with a connector, etc.

Battery Energy = Battery Capacity = How long Battery will run

Amp-Hours or Watt-Hours (has a time component)

Power vs. Energy
Power is rate (of current): Usually expressed in Watts = Volts x Amps ‘
Enerqgy is duration of Power: Has a time component, i.e. Amp-Hours, Watt-Hours

Watt-Hours = Volts x Amps x Time
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Batteries 101 M VARTA

Rechargeable vs. Primary (Non-Rechargeable) Cells

Re-chargeable = Re-usable

Higher Power than Primary

o, 6200

LONGLIFE Max Power

V'VARTA

F CR123A 3V

Self-discharge limits shelf-life

Primary = One time usage

Higher Capacity than Rechargeable

More stable (flat) voltage & very long shelf-life
Fix
: L , _ =0 ¥ .
Both come in many chemistries, sizes & shapes: s
o T
But size does not determine Rechargeable or Primary §§E
T ¥ o
O [
Size does not determine Capacity or Voltage El&é §
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Batteries 101 M VARTA

Rechargeable vs. Primary: Energy Density differs greatly (as does Power capability)

Gravimetric: Density based on weight
Volumetric: Density based on size

Rechargeable Non- Rechargeable

Lithium-lon

== Silver

Alkaline
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Batteries 101 M VARTA
Primary or Rechargeable i

R 2032

a s
What Type of Battery?

Power Consumption of the Device and desired operating time (0000 W
determines the amount of Energy or Capacity that is needed. 1000 W

Needs change as Power Consumption increases.
Here are some examples:

10w Power Station

Electric Vehicle

Desktop PC

TV remote control with a primary Alkaline or
Lithium Cell lasts a year or more

Hearing-aid primary Cell runs for a week Transceiver Bluetooth

Bluetooth ear-bud prefers a small e FM receiver powero@))

rechargeable Cell to run for hours "™ o RIS pproved

Cell Phones, Laptops require larger Watchor caloulator o
rechargeable Batteries (<100 Wh) 32 KHz quartz oscillator

Standb
Mobile Robotics (fork-lifts, etc.) require y

larger rechargeable Battery Systems (>100
Wh)

Laptop, LED lights
Cell Phone

100 pwW MP3 Player S p312

10 yW

made in germany 4

VARTA Storage — VARTA Microbattery Our brands; M VARTA powero@)) 6




Batteries 101 M VARTA

Power vs. Energy
Power = High Current, Short Duration

Energy = Low/Medium Current, Long Duration
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Batteries 101 M VARTA

Power vs. Energy — Why this is Important

CR123A 3V
CR17345
o, 620%

High Power Cells have lower Energy

Power

But High Energy Cells have lower Power
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Batteries 101

Power vs. Energy — Rechargeables

M VARTA

Cell Chemistry Comparisons: Energy (Run-time) vs. Power (Peak)

Discharge Time: 10k 1h Bmin
1111 1 i - e TR .
high temperature .
Y Li-lon i
high energ) ) !
EN energy high power :

100 G EU.Emin

2 i
: ]
E NiMH - .
E redox flow very high -,
|.'.|f'.-'..'.'-:"|' i
5 10 i
o lead-acid :
ead-a i
= !
E- double layer /‘. E
capacitor i
1 i
0,1 i

1 10 100 1000 10000

Sources: Avicenne _
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Specific Power in W/kg
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Batteries 101 M VARTA

What’s Inside: Chemistry 101
Anode, Cathode, Electrolyte, Separator

Same for Rechargeable or Primary

. .. ® charge
Negative ®" @ * Discharge Pasitive N

2 Electrode

Electrode ~
, Vs
l.L X 2) ® @ AAAATES 4“
. 1 .
= =y L* AN — MANGANESE
-3 AT ATATAT A - 3 _.’ - DIOXIDE
-4 Li* Y
_ e ¥a 7 CATHODE
Copper negative LL D TN B .9 JJ Aluminum :Lr:gllim— '
- NN -
current collector o . T ‘; Y positive — SEPARATOR
- ' ‘ #
Li* ¥ @JJ current
e Jf ‘,if? ® @ AAAA~ -
h’)f{ Ly m. - calleeior ELECTROLYTE —
7 -}i{' V'
' 3]
Li+ condecting J Li/MnO, total cell reaction:
_ ——— , Li + MnvO, — MnwO,(Li¢).
Li+ and Graphene NixMnyCozO2
structure layer structure
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Batteries 1010 M VARTA
Lithium lon Cell Chemistry Options

Cell Chemistry Comparisons — Top Level
Comparison of cathode materials

LCO & I G . 2 i -
I LMO I Olivine
NCA : .
ey EILNCM | ‘ EMO
Energy OLCO nergy : nergy : Energy COLFPO
I i
Gas Baies Pawer : Gas : Gas Power
| -
: |
Safety Cost Cost  dafety I safety Cost
| |
Life Life : Life : Life
I i
Gas, Safety and Life Performance Balance E Power, cost and safety E Safety
I [

Energy EILNCA

Power

NMC / NCA dominate the market,

LCO (Cobalt) primarily for single-cell devices.

Sources: VARTA, cell'thanufacturérs, Linden’s Handbook of Batteries, Avicenne )
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Batteries 101

Construction:
101 ways to build a Cell
Construction determines many criteria:

Capacity, Power, Safety ... & Cost
®

Positive Cap
PTC Device
Gasket

Lid

Positive Tab

Anode (Lithium)
Electrolyte + Separator
Cathode (MnO,)

Negative Tab
Negative Can
@ Insulator Plate

VAR A storage — VAR A Microbattery

M VARTA

Lid (Negative Terminal)
Negative Electrode (Li)
Gasket

Can (Positive Terminal)
Organic Electrolyte + Separator
Positive Electrode (MnQ,)

Negative Contact
Gasket

Laser Welding
Lid

Negative Collectar
Electrolyte
MnQO; Ring

Lithium
Separator

@ Positive Contact
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Batteries 101 M VARTA

Cell Types: Rechargeable Li-lon
Cylindrical:

18650, 21700, 26650 & others -

Best Rate Capability: Fast Charge & Discharge

Lowest Cost & Highest Energy Density

Other sizes exist: 18500, 14500, etc. i i
. eT0)
Cell Types: Rechargeable NiMH/NiCd - - o —
Cylindrical: e ﬂ
Match Alkaline cell sizes: AA, C, D, etC. | cansdecan Anode lead

Alternate sizes 4/3A, 4/5A, 2/3A, Sub-C

Insulator /
Cathode Anode

Images courtesy of Sony (now Murata) _
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Batteries 101 M VARTA

Cell Types: Rechargeable Li-lon
Prismatic: 103450 = 10 x 34 x 50 mm
Good Energy Density; Good Charge & Discharge /
Limited Sizes (z x 34 x 50mm most common & available) %

Pouch/Polymer: Various sizes — Usually thinner than 10mm
Lower Energy Density (due to thin size); Reasonable Charge & Discharge

Thinnest options available; but more X-Y-Z size options — has swelling issues

Anode Tab

Terminal plate Cathode pin
Cap plate CathodeTabl
Insulator \
\ / Insulator case
I , % ;
M/ - @‘“ Pl
/<ﬂ> Cathode
- ‘\L~ />
.

Gasket

Anode
Al laminate film

SAncde can - . \
B  —Anode can @ e
/ \ Co . /
Cathode Ancde

VARTA Storage ~ VARTA Microbattery  |mages courtesy of Sony (now Murata) ©rees  MVARTA poweronz))) i
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Batteries 101 M VARTA

Cell Types: Rechargeable Li-lon
Cylindrical: 186!

Lowest Co Industry transitioning to 21700 cell size
Best Rate

Prismatic: 103450 = 10 x 34 x 50 mm

G_OC_’d Ene_l Manufacturers moving to larger sizes to support
Limited Siz Electric Vehicle markets
Good Chal

3\.’ L 7 IJWVI Tl v\.l VMPMUIIIL]

Pouch/Polymer: Various sizes — Usually thinner than 10mm
Lower Ene

Cell sizes disappearing — once abundant variety is

IUNESIEY §\indling (variety of phones & tablets decreasing)
Okay Char

uv A e 1N I DT Uv vv\-rlv\-l\llll

*J
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Cell Voltage / V

Batteries 101 M VARTA

When Voltage Matters — and Current too
Battery is NOT a constant voltage output device
Significantly altered by magnitude of discharge (load) Current

Each chemistry is different

A LUTSCrarges LANTSIIVOUTENIL | WAL )
> 400 25V, cut-of, 24 °C
s o2c/oscy INSCI20C110A
w
2
3.5 |-
3.5 : s
(@)
>
= 3.0
3.0 ol
© NMC
25 | 25 |- Sloping Discharge
4V ~ 3V
2.0

Flat Discharge 3V
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Batteries 101 M VARTA

When Voltage Matters — and Temperature too!
Battery is NOT a constant voltage output device

Significantly altered by Temperature

Decreasing
Temperature

Voltage

our brands; M VARTA power D@))

Capacity
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Batteries 101

When Voltage Matters — for Your Device

Higher Voltage does More Work

Effects of heating are Current? x Resistance

Stacking in Series to increase Voltage

L+

Stack in Parallel to increase Capacity

1+

VARTA Storage — VARTA Microbattery

Our brands;

M VARTA

M VARTA

+ .
— Current decreases as Voltage increases: Power = Voltage x Current
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Batteries 101 M VARTA
What About Charging?

Charging: Another Webinar

----- -+-----------———--- = 100

Unusable Region

43 —doe I .............. | oe

4271 1|
s
5 \.r't:nltzl-g,u:.-1 r:nge PCM
g used by - 60
5 application Chasger
2

—
X1 S E
28 - 1
" | Unusable Region
2.5
Do naot charge cell
= 2
— el Vi
e LT
— - g Cagaariky
—_— L
90 120 150 180
Time [ min
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Batteries 101 M VARTA

Putting it All Together: Decision Topics

Rechargeable or Primary
Power or Energy requirement

Operating Voltage

Lots more to decide...
Is this a one-time design or will the Battery be the first in a line of products?
How critical is the Battery to the operation of the device?
What is the operating Environment — typical or extreme?
Expected Product Life-Cycle: Few years to 10+ years?

Regulatory Certifications: UN, UL, IEC, others
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Batteries 101

Decisions — Decisions...

Custom Design Product Requirements Application Specific Standard

Product Family
Extreme
5+ Years
FDA, IS, other
Power or Energy
Expandable

Unique Shape and/or Non-
Embedded

Proprietary
Fast, Regen
On-board or Wireless
NRE
Unit S x EAU > S3M
2 to 6 months

VARTA Storage — VARTA Microbattery

Product Line
Environment
Product Life Cycle
Regulatory Certifications
Power or Energy Device

Capacity
Size & Shape

Interface
Charging
Charging Methods
Design Costs
Production Volumes

Timing

M VARTA

One Time Design
Typical
Few Years
UN, UL, IEC
Energy
Fixed

Rectangle or Square, Embedded
Battery

Industry Standard Protocols
Slow, After Usage
Traditional
Low
Unit S x EAU < S1M

Immediate

our brands; M VARTA power O@)) 21



Batteries 101 M VARTA

Finding the Right Battery Partner:

Technology Leader
Well known in the Industry =
Standard line of products in a variety of sizes "\ /
Previous Custom designs with well known customers

History and Industry Experience in Battery systems

High-volume Manufacturing Expertise (not just a Design House)

Worldwide Reach & Support

Multiple Manufacturing & Design locations

Reputable firm — ideally a public company

Financially Stable & Reliable
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VARTA Worldwide M VARTA

VARTA AG
MICROBATTERIES & SOLUTIONS HOUSEHOLD BATTERIES

Healthcare Entertainment Solutions Consumer Batteries Energy Storage

=
pwer )]

¥ VAKTA ! +

4

;'z I . <
? ) 606 - =
. & 5 o
g
| | | l }
T
Largest Manufacturer of Standard & Custom Battery Consumer Coin & Cylindrical Cells;
Hearing Aid Cells (1B/yr) Packs and Energy Storage Home Energy Storage

www.VARTA-Microbattery.com www.VARTA-Storage.com www.VARTA-Consumer.com



More than 130 years of innovation M VARTA

VARTA VARTA VARTA Storage VARTA Storage Production
Primary Lithium PowerPack Residential Energy Commercial Storage +
Cell assembly Solutions Solutions Solution Massive Investments in
o f * + _ ot production in lithium ion
Wire connector Mechanical and Cell and charge balancing, Adressing multiple cells in Ellwangen and
Electrical Design Power interface energy management

| : Noerdlingen
functionalites

N

MVARTA

VARTA has a longrnistory in research, development, and mass production of

a variety ofielectro-chemistry. and battery systems.

7

VARTA VARTA VW VARTA VARTA New VARTA
Lithium Cells Customized Lithium- Joint Venture CoinPower Series CoinPower types
Polymer Pouch + + +
+ New material Innovative form factors
Safety Electronic technologies Cell-Design for highest

Performance & Safety
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Batteries 101 M VARTA

VARTA
Easy Block/Blade/Pro
M VARTA M VARTA
AQ’I‘

VARTA'’s Family Cells & Batteries:
Voltages 1.5V to 48V

Capacities 10mAh to >1500Ah
Multiple Chemistry Options

Coin & Cylindrical Sizes

Embedded Battery Packs M VARTA M VARTA

Consumer Removable Packs @EELL

Industrial, Mobile Robotics Batteries

Custom Designed Batteries

Application Specific Standard Batteries
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A\ VARTA

Thanks for

joining us!

Lunch & Learn

All past & future webinars listed at:
www.varta-storage.com/webinars

Presenter: Dan Friel, National Business Development Manager, VARTA
Linked-In: Dan Friel: https://www.linkedin.com/in/dan-friel-2004
Email: dan.friel@varta-microbattery.com



Batteries 101: Battery B-I-N-G-0O i VARTA

Battery -“

18650 Cathode Pb-A IEC 62133

18 mm x 65 mm Cell Positive side of Cell Lead-Acid Battery Certification

Battery Management
System

C-Rate LCO Anode NCA 26650

1 HourRl;l;charge L|th|um(LCif)ISzl)t Oxide Negative side of Cell Nickel Cobalt 26 mm x 65 mm Cell

Aluminum (Li-lon)
: EODV N38.
Sl-A End-o?)ischarge u VARTA Whrs U 38 3

Silicon Anode e Watt-hours (V x Ah) A;:asgtilz::oe:t
1642 NMC CC-CV  PCM/PCB  LFP
Nickel Manganese Constant-Current, Printed Circuit Lithium Iron
Sl SEmesne) (Gl Cobalt (Li-lon) Constant Voltage Module/Board Phosphate

103450 15x2P NiMH 21700 BLE

10 x 34 x 50mm Cell 1 Iiz:;(elfefigli 2 Nickel Metal Hydride 21mm x 70mm Cell Bluetooth Low Energy
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A\ VARTA

Lunch & Learn
Batteries 101

View recorded presentation at:
https://

All past & future webinars listed at:

www.varta-storage.com/webinars

Our brands;

A\ VARTA

i VARTA powerore)))

28



