gl :3

1] Batterles

" Energy
ITP/NYU/F ddersen




Batteries

Electrochemical energy storage devices. Many materials,
chemistries, forms.

No matter how they work, the same considerations apply as for any
energy storage:

* Energy per unit volume and mass
 Power per unit volume and mass

* Efficiency - ratio of energy in to energy out

“Goo makes it go”



Redox

“Oxidation is defined as the loss of one or more electrons by an atom. Reduction is defined as the gain of one
or more electrons by an atom...Chemical reactions that involve the transfer of electrons are

called oxidation-reduction (or redox) reactions.
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A Redox Reaction in Which the Two Half Reactions
Are Physically Separated.

If you were to mix zinc metal and copper ions in a container, this
reaction would [spontaneously] proceed by itself.

Suppose, however, we set up this reaction in a way depicted [here].
Zinc and zinc ions are on one side of the system, while copper and
copper ions are on the other side of the system. The two parts are
connected with a wire [and a salt bridge].

Even though the two half reactions are physically separated, a
spontaneous redox reaction still occurs. However, in this case, the
electrons transfer through the wire connecting the two half reactions;
that is, this setup becomes a source of electricity. Useful work can
be extracted from the electrons as they transfer from one side to the

other...

All batteries are based on redox reactions.”

https://chem.libretexts.org/



. - - - g Li-ion’
CHARACTERISTIC LFP (LiFePO,) NMC (LiNiMnCo0,) LCO (LiC002) LMO (LiMn,0,) LTO (Li,Ti,0,,) Speciications: | 1Leed Acld i MCK || MWL s e Hosis
Voltage 3.2VPC (operating 3.6VPC (operating 3.6VPC (operating 37VPC (operating | 24VPC (operating e 30-50 45-90 | 60-120- | 150-250 | 100-150 | 90-120
| range 2.5-3.65VPC) range 3-4.2VPC) range 3-4.2VPC) range 3-4.2VPC) | range 1.8-2.85VPC) | iiorst resisancal Do Cowd | oy iow TR MR T Gordion
Specific Energy | 90-120 Wh/kg 150-220 Wh/kg 150-200 Wh/kg 100-150 Wh/kg 50-80 Wh/kg Cycle life? (80% DoD)| 200-300 1.0002 300-500% |500-1,000| 500-1.000 |1,000-2,000
Energy Density 333 Wh/l 580 Wh/l 560 Wh/l 420 Wh/I 177 Wh/I Charge time* 8-16h 1-2h 2-4h 2-4h 1-2h 1-2h
Charge Rate IC 0.7-1C (>1C shortens life) = 0.7-1C (>1C shortens life) 0.7-1C (3C Max) 1C (5C Max) g\lf:rr::g;ge High Moderate Low Low. No trickle charge
Charge Voltage 3.5-3.65VPC 4.2VPC 4.2VPC | 4.2VPC | 2.85VPC Self-discharge/ 5% 20%5 30%5 <5%
. : th Protection circuit 3%/month
Secharca pre | 10 (30CPOWercells | 1C(2Consomecells; | 1C(IC shortens ife; | 1C (IC shortens e | 10C (30C 5 sec); RoR eomBTe) e T e e
ISCharge hate 2 0V cut-off 25\ cut-off 25V cut-off 25\ cut-off 1.8V cut-off Cell voltage (nominal)) 2V 1.2v¢ 12vé | 3.6V 3.7V 32-3.3V
Cycle Life (d di Charge cutoff 240 Full charge detection 4.20 typical 3.60
cle Life (dependin : ' S to higher V
y p | b 2000-4000 1000-2000 500-1000 300-700 3000-7000 voltage (V/cell) Float 225 | by voltage signature ome go to higher
on depth of discharge) Discharge cutoff 1.75V 1.00V 2.50-3.00V 2.50V
: e voltage (V/cell, 1C)
Thermal Runaway 270°C (518°F) 210°C (410°F) 150°C (302°F) 250°C (482°F) NA
‘ Peak load current 5C# 20C 5C 2C >30C >30C
Prone to Thermal Best result 0.2C 1C 0.5C <1C <10C <10C
No Yes Yes Yes No
Runaway Charge temperature | -20 to 50°C 0 to 45°C 0 to 45°C*
| , (4 to 122¢F) (32 to 113F) (32 to 113°F)
Motive power and , ,
stationary needin E-bikes, medical Mobile phones, laptops Power Tools, medical UES, iociTic Docherge oL T TS
Applications ronary J R , PRONES, FAPIOPS, devices, electric powertrains, solar o (4t0122F)] 4 lo1d) (-4 10.140°)
needing high currents | devices, EVs, industrial tablets, cameras , L . @ : :
powertrains street lighting Maintenance 3-6 months™| Full discharge every 90 Maintenance-free
and endurance requirement (toping chg.) | days when'in full use
| Safety requirements | Thermally | Thermally stable, fuse Protection circuit mandatory
Cost ) $ $$ $3 383 2 stable protection
https://relionbattery.com/resource-center/technology/why-choose-lithium HEGSE S s U L i L 1930
Toxicity Very high | Very high Low Low
Coulombic ~30% ~70% slow charge 99%
efficiency’? ~90% fast charge
Cost Low Moderate High'3

https://batteryuniversity.com/

We'll see these charts again later!



Related technologies

Flow battery

Current Collector Porous Electrode
Anolyte Tank Catholyte Tank

“lon-Selective
Membrane

Pump

Closed Loop - stores and releases energy

https://en.wikipedia.org/wiki/Flow_battery
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Open loop - consumes fuel energy
carrier e.g. hydrogen

https://en.wikipedia.org/wiki/Fuel_cell



Batteries

Electrochemical energy storage devices. Many materials,
chemistries, forms.

No matter how they work, the same considerations apply as for any
energy storage:

* Energy per unit volume and mass
 Power per unit volume and mass

* Efficiency - ratio of energy in to energy out

“Goo makes it go”



General battery concepts

 “Cell” refers to single electrochemical unit; “battery” to an
array of cells.

* Voltage of a cell is intrinsic to chemistry involved; maximum
current depends on amount of material (like PV).

* (Cells can be arranged in parallel to increase maximum
current.

* (Cells can be arranged in series to increase voltage.
 “Primary” = non-rechargeable, “secondary” = rechargeable.

 Exceeding maximum or minimum cell voltage will damage
the cell (potentially hazardously).



Chemistry - what is the battery made of?

Effects energy density, charging methods, safety considerations, etc.
Some common types are:

« |ead acid
* Nickel Cadmium (NiCad), Nickel Metal Hydride (NiMh)

 Lithium - many types

250 4 Lithium Polymer
Prnsmanc
200 4+
Lithium Phosphate
5 150 +
o Lithium lon
g Cyingrics
7 . - Aluminum Cans
- ' - e <
a 100 + N'c,ace“ Cadmium Oriermatic
CD) LY INOnNcS
== FPrismahc
. :F' . |
§ 20 + Lead Acid Nickel! Metal Hydnide
Cylindrcal
Freamalc
- - I } | -

}
50 100 150 200 250 300 350 400 450
wattHours/Litre



Capacity - how much can the battery hold?

Typically specified in amp-hours (or milliamp-hours), abbreviated
Ah or mAh.

Can be roughly converted to watt-hours (or Joules) by multiplying
amps * 1 hour * nominal voltage.



Capacity - how much can the battery hold?

For example:

Battery in my (v. old) phone specifies both milliamp-hours and capacity:
5.6 Wh

1500mAh @ 3.7V (typical Li-ion voltage)

1500mA * 3.7V * 1 hour = 19,980 Joules = 5.55 Wh



C-Rate

Battery charge/discharge currents are typically given as a ratio to
total capacity called the C-Rate.

For example, for a 750 mA-hour battery:

1C = 750mA
2C = 1500mA
S5C =375 mA

A very important battery specification will be its maximum safe
discharge current. This will vary widely depending on battery type.

Subtle note: The rated capacity of a battery is (usually) specified for
its C/20 (1/20 C) discharge rate.



Amp-hours x average voltage
11.1V * 4.4Ah = 48.84Wh
(175824 Joules)

ITP Energy channel has detailed lecture on Amp-hours and C-Rate




Capacity - technical note

Technical Detail:

Actual capacity depends on how fast the battery is discharged.
Discharging a battery very quickly, or slowly, can reduce the realized
capacity.

The capacity figure is often given for 20-hour discharge rate (C/20)
For example;

A 12 volt battery (~14-10V during use) with a rated capacity of 10
amp-hours could average 12V while supplying 1/2 amp (500 mA) for
20 hours:

(12 volts) * (500 milliamperes) * (20 hours) = 432 000 joules

More about calculator.




I VU™ 140UV 1 4 UV.V Irv.v V. LUV V.V | 1 V0 V.41 L1V J.UV LIV JV yayany | |\ \ 1 I“I'}
PDC-121000 12 100 92.0 12.05 306 6.61 168 8.27 210 8.50 216 61 27.5 U (T14)
PDC-121100 12 107 100.0 12.99 330 6.81 173 8.46 215 8.66 220 67 30.4 B (T6)
PDC-122000 12 214 200.0 20.55 522 9.45 240 8.58 218 8.82 224 138 62.5 B (T11)

Discharge Characteristics

Float Charging Characteristics
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Temperature Effects in Relation to Capacity

Cycle Life in Relation to Depth of Discharge
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Other considerations:

Battery life - how many times a battery can be charged and
discharged. Varies widely by type.

Depth of discharge - how deeply can it be discharged? Decreasing
DOD increased life expectancy.

O O 7 coconutBattery 2.5.1 | ™ O 7 coconutBattery 2.5.1
PPC PPC

: Current Battery Charge | Current Battery Charge

Current Battery Charge: 1043 mAh Current Battery Charge: 4479 mAh

Maximum Battery Charge: 1116 mAh Maximum Battery Charge: 4595 mAh

93 % 97 %
Current Battery Capacity . Current Battery Capacity

— \ Capacity

Current Battery Capacity:f/ 1116 mAh Current Battery Capacity:f 4595 mAh

Original Battery Capacity\ 4400 mAh Original Battery Capacity\ 4400 mAh

Additional Info | Cy cles Additional Info .
Battery-Loadcycle Battery-Loadcyclf
Age of your Mac: &L Mefths Age of your Mac: fhths
(0]

Charger connected: No Charger connected: N
Battery is charging: No Battery is charging: No

g

Old Battery

New Battery



PDC Series - AGM Deep Cycle Batteries

Nominal Rated Capacity AH Length Width Height Total Height Weight )
Model Terminal Type
Voltage 20-hr 10-hr in. mm. in. mm. in. mm. in. mm. Ibs. kgs.
PDC-1275 12 75 72 | 5% 151 | 2.56 65 | 372 | 945 | 394 100 55 25 F2
PDC-1285 12 85 80 | 59 151 | 2.56 65 | 372 | 945 | 394 100 6.0 27 F2
PDC-12140 12 140 130 | 596 |[1515 | 3@ 100 | 3.82 o7 | 398 101 95 43 F2
200 1220 2 | 20 | w0 s ws |am | 7w |em | mr Jem | wm | s | e | sow Hard to use voltage alone to determine state of
PDC-12260 12 28.0 260 | 656 |1665 | 6.89 175 | 492 125 | 492 125 21 94 NB
PDC-12260H 12 26.0 240 | 650 165 | 492 125 | 689 175 | 689 175 21 95 B (T12) battery Slnce these Cu rveS are SO flat
PDC-12350 12 35.0 330 | 7.68 195 | 512 130 | 646 164 | 7.09 180 25 | 112 NB
PDC-12400 12 40.0 380 | 7.76 197 | 650 165 | 6.69 170 | 6.69 170 32 | 145 B (T6)
PDC-12600 12 60.0 550 | 9.04 230 | 545 138 | 8.27 210 | 866 220 39 | 177 U (T9)
PDC-12800 12 80.0 750 | 1024 | 260 | 661 168 | 827 210 | 9.06 230 5 | 227 U (T14)
PDC-121000 12 100 920 | 12,05 306 | 661 168 | 827 210 | 850 216 61 | 275
PDC-121100 12 107 | 1000 | 1299 330 | 681 173 | 8.46 215 | 866 220 67 | 304
PDC-122000 12 214 | 2000 |2055 522 | 945 240 | 858 218 | 882 224 138 | 625 Temperature: 25°C

Discharge Characteristics Float Charging Characteristics
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Contact Information

DOMESTIC SALES

Tel: +1-619-661-2020

Fax: +1-619-661-3650
national-sales@power-sonic.com

www.power-sonic.com

INTERNATIONAL SALES

Tel: +1-650-364-5001

Fax: +1-650-366-3662
international-sales@power-sonic.com

CUSTOMER SERVICE
Tel: +1-619-661-2030
Fax: +1-619-661-3648

customer-service@power-sonic.com

TECHNICAL SUPPORT
Tel: +1-619-661-2020

Fax: +1-619-661-3648
support@power-sonic.com

CORPORATE OFFICE * 7550 Panasonic Way ¢ San Diego, CA 92154 « USA » Tel: +1-619-661-2020 * Fax: +1-619-661-3650

0912 1M

© 2012. Power-Sonic Corporation. All rights reserved. All trademarks are the property of their respective owners.



Dimensions _ _ _
Enlarged View A little better... still need to know current In

% * real time
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Newark, New York | 315-332-7100 | Fax: 315-331-7800
©2014 Ultralife Corporation « www.ultralifecorp.com ¢ All information is subject to change without notice.
The information contained herein is for reference only and does not constitute a warranty of performance. « 30 OCT 14 UBM-5161 Rev: G



arging

Charging batteries can be very complex. Doing it wrong can be
dangerous!

[

www nepiisiop.com/posaioty

Boeing Dreamliner



Lithium Fire 2022
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“The cargo ship Felicity Ace is aflame from bow to stern with a lithium-ion battery fire that can’t be put out with
water alone. The fire has been burning since Wednesday (Feb. 16), as the ship drifts in the Atlantic about 200 miles
southwest of Portugal’s Azores Islands. Its 22-person crew abandoned ship and was rescued on Thursday.” - Quartz

“The car carrier ship was hauling thousands of VW Group models... Volkswagen Golf R, GTI, Arteon, and ID.4 vehicles were on board, as well as unspecified Porsche[, Lamborghini,] and Bentley models.” - Car & Driver


https://www.caranddriver.com/volkswagen/golf-r
https://www.caranddriver.com/volkswagen/golf-gti
https://www.caranddriver.com/volkswagen/arteon
https://www.caranddriver.com/volkswagen/id4-2022
https://qz.com/2129939/a-burning-cargo-ship-carrying-porsche-vw-cars-is-adrift-at-sea/

thhlum Flre 2022 . -m . K ‘:Eelicinlce"

“A two-week transatlantic saga ended Tuesday with a massive ship — and thousands of
luxury cars aboard — sinking about 250 miles off a Portuguese archipelago after catching
fire.” - Washington Post



Lithium Fire 2023

G Scooter lithium battery invest X + v

— C & cnn.com/2023/03/05/us/nyc-bronx-lithium-battery-fire/index.html

C ﬂ E-bike battery sparks another X +

Enerqgy + Environment extreme \

- C & nypost.com/2023/03/05/e-bike-battery-sparks-another-huge-nye-.. @ % O B % Y B &% O o :

Scooter lithium battery investigated as NEW YORK POST

cause of 5-alarm Bronx blaze, fire
department says

@ By Artemis Moshtaghian, Isa Kaurman-Geballe and Samantha Beech, CNN
Updated 7.12 PM EST, Sun March 5, 2023

Ovso 000G

E-bike battery sparks another huge NYC blaze,
‘.' guts grocery store andinjures 7

By Tina Moore March 5, 2023 | 6:15pm | Updated




Lithium Fire 2024

—)

LITHIUM-ION BATTERIES
FOUND AT MARBLE HILL
BUILDING FIRE THAT LEFT
10 PEOPLE INJURED

a" By Eyewitness News

Monday, March 11, 2024 9:42P\V ET

Darla Miles has the lalesl delails on the building

fire from Marble Hill.

MARBLE HILL, Manhattan (WABC) -- Lithium-

aA & abc7ny.com C

< h M C




Lithium Fire 2025

Moss Landing Fire



Don’t puncture, BITE, or
otherwise * with
batteries!
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Standard F1 Grenade has 60g TNT =
v/ 270,000 Joules*™

Laptop battery 100Wh =
360,000 Joules

We want our batteries to be like bombs: to store a lot of energy and
to charge/discharge as rapidly as we want. A grenade and a laptop
contain similar energies. The difference is the grenade discharges its
energy over milliseconds (ultra high power) while the laptop battery
takes minutes to hours (moderate power).

*https://en.wikipedia.org/wiki/TNT_equivalent



Charging - the hard (high performance) way

In order to maximize battery performance (most energy over longest

time in smallest, lightest package) complex battery monitoring and
charging circuits and algorithms are used.

They take into account:

 Complete charge/discharge history of battery

 Temperature

 Battery age

An advanced system typically uses a combination of constant
current and/or constant voltage charge stages coupled with
current, delta V, and/or delta T monitoring (changes in the rate of
change of voltage or temperature). These will be tailored to the

battery chemistry, number of cells, and other considerations. Term of
art is “coulomb counting”



Charging - the hard (high performance) way

Many manufacturers (Maxim, Analog Devices, etc) make
dedicated battery ICs. (And publish whitepapers covering

charging specifics)

The “Smart Battery” standard includes microcontrollers in the
pack to communicate battery state to host device.

Osc. for step down charger 4 1

: > IF to SMB

Sony Li-lon cells
Switched step down charging

_ 4-Cell supervisor /
Dlscha'rge Enable 5V Reg. bq2058-C _ ! EDs EEZZ%%I:/I PIC16C63 Bage;yogguge
L / q

ST 'I.."‘\ % | of et L TSRO
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910 SN ZLI10 N 81D

74VHGOB T4VhCo4 CUTent shunt




Charging - the hard (high performance) way

Panasonic Lithium lon

NCR18650PF

Features & Benefits Specifications Dimensions
* High energy and power Rated capacity? Min. 2700mAh Max. 18.5 mm
density Capacity® Min. 2750mAh |
* Long, stable, high power apacity T . 2900mAh B G}__ g
* High safety performance yp. m 3
* Ideal for power assisted Nominal voltage 3.6V *With tube ~ (+)
bicycles, 2-way radios, Charging CC-CV, Std. 1375mA, 4.20V, 4.0 hrs =1 1
medical devices and : i
robotics. Weight (max.) 48.0¢g : g . .
Temperature Charge*: 0to +45°C i B Cha rge Cha ra Cte rIStlcs
Discharge: -20 to +60°C : :
Storage: -20 to +50°C : s
o Energy density® Volumetric: 577 Wh/I !
* At temperatures below 10°C, . - ' Y . °©
charge at a 0.25C rate. Gravimetric: 207 Wh/kg ) Charge: CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C

(1 At 20°C @ At 25° C ®)Energy density based on bare cell dimensions For Reference Only
Charge Characteristics Cycle Life Characteristics
Charge: CC-CV 0.5 (max) 4.20V, 100mA cut-off at 25°C
Charge:  CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C Discharge: CC 1C, 2.5V cut-off at 25°C
5.0 5000 3000
VOLTAGE —_
45 4000 2500 | | < 4.0 < <
VOLTAGE — _ ot E E
= 4.0 < 3 = 2000 Ll -
2 3000 E g - [
5 = o £ o 3.5 -
< 3 gE Z 1500 < < -
5 &0 = W -
S 2000 & Z S L o U
30 CURRENT ©3 < 1000 o o E
,5 | CAPACITY 1000 = 3.0 a <
500 CURRENT v
2.0 0
0 50 100 150 200 0
TIME (minutes) 0 100 200 300 400 500 6 2‘5 C;lﬂ'i. PF\C'W
CYCLE COUNT
Discharge Characteristics (by temperature) Discharge Characteristics (by rate of discharge
Charge:  CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C Charge:  CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C 1m
4.5 Discharge: CC 1C, 2.5V cut-off at each temperature 4.5 Discharge: CC, 2.5V cut-off at 25°C
TIME (minutes)
4.0 1 4.0
=35 235
c] @
= £
g 3.0 g 3.0
2.5 2.5
2.0 2.0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
DISCHARGE CAPACITY (mAh) DISCHARGE CAPACITY (mAh)
—-10°C 0°C =——25°C —45°C —0.2C 1C —2C
The data in this document is for descriptive purposes only and is not intended to make or imply any guarantee or warranty.




Charging - the easy (low performance) way

NiCad and NiMH batteries can be safely charged at C/10 (1/10C) at
long periods of time (up to 15 hours). See for example Forrest Mlms
Solar Charger circuit

gt
7

SOLAR CELL BATTERY CHARGERS SOLAR BATTERY CHARGER
SERIES ARRAYS OF SoLAR CELLS ARE UVSEQ TO L.NEVER EXCEED THE RECOMMS LD CHARGE
CHARGE STORAGE CELLS AND EATTERIES. THE RATE FOR A STORAGE CELL. 4
ARRAY MUST GEMERATE A SLIGHTLY HIGHER ¥
VOLTAGE THAN TRAT OF THE BATIERY EBEING 2. INCREASED CURREA i 'EDU‘:ES cHARGING
CHARGED. HERE ARE TME swyMEER OF SERIES - TIME. CHECK THE BOFTERY 'S SPECIFICATIONS
CONMNMNECTED CELLS COMMONMNLY JSED TO CHARGE TO E130 THE MASSTUM ALLOWABLE CURRENT.
SOME POPULAR EATTERY ComFIGURATION S|

x 3. 00 NOTSE A SOLAR ARRAY THAT
1 12-volT Nidd CELL =~ 4 SOLAR CELLS DELVEME Too MucH CURRENT TO THE CELLS

EE g CHARGED,

e 1.2-v0LT ANCL CELLS IN SERIES — 9 SOLAR CELLS e
: . = _ : 7. SEVERAL TIMES A DAY REQRIENT A SOLAR
o L.2°volT Nild CELLS N SERIES _18 LWQ CELLS ‘ \"\ PV\MEL SO 1T FACES THME Sual.
1 12-VoLT LEAD-ACID BATTERY —3b SOLAR ceused® S. SOLAR CELLS wWoRK BEST WHEN cooL.
> 3 AuDID PLACING A SOLAR PANEL OM SURFACES
oy - - - ~ v TRAT EECOME MOT M SUMLIGHT . SUCH AS
< . A —FE R 2
SOLAR 2xAA (HARGER o PAUEMENT OR DARK PAINTED METAL,
o A 4B SR R . B S oo S w - ,77‘ r
| 5 b gLl SEUAR G lo. STORAGE BATTERIES CAN BE MOUNTED
VDDl ——  ARRAY ON THE BACK SIDE OF A SOLAR PANEL, BUT
| . b l TREY WORK BEST WHEN KEPT IN A COOLER
| > . — b1 LOCATION WHILE EEING CHARGED.
| kS r | . ‘ v
| pa— P t*& t:’+'_"._.4 ! _l ‘ s
| [a® s MONITORING A SOLAR CHARGER
| N &V
- Yo ¥ , . L YOU CAN MEASURE THE CURRENT FROM A
W e Y ra® . = =
4 . (—-L;.__. - a.l.l LlC - SOLAR PAMEL wiTd A MULTIMETER.
i 'l ) lf. ' ‘1
= ‘ ‘ 1. CONNECT A MULTIMETER SET TO MEASURE
v . V4 CURRENT BETWEEA THE BLOCKING DIOGDE AMD
EFESSEHIBSSSE T™E EATTERY REING CHARGED. BE SURE
: TC CBSERVE POLARLITY, OR.
. THIS CIRCUIT WILL CHARGE 7 AA RiCH CELLS.
IF THE CELLS ARE FLLLY DISCHARGED, SotAR 2. CONNELT A 1-OHM  POWER RESISTOR
o CELLS THAT CENERATE 58 ™o 1(_9(_; guA Wik BETWEEN THE BLOCKING DIS0E AND THE
CRARGE THE CELLS N AEAVT S TO & HBouksS. EATTERY BEING CHARGED. USE A AMULTI-

iy 190 st £ 1 W < e e METER TO MEASURE THE ‘-cr.TM,E(v} ACROSS
D1 PREVENTS THE NiCd CELLS FROM THE RESISTOR (R). FROM OHM'S LA, CURRENT
:i’acyhe'»--'.— THROUGH THE SOCAR CRLLS. EQUALS N/R QR INTHIS CASE, V.
7 25



Batteries - TL;DR

Get a battery from Adafruit and only
charge it with their charge controller. It
will have the matching polarized
connector and won'’t charge too fast.
Use power requirements from your
project to pick a size between ~500mAh
and 2000mAnh. Or guess and budget
enough time/$ to revise your choice.

2024: Use the provided Voltaic packs.
They’ve done all this work for us
already!
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Ah 803040 Lipo battery
Rechargeable Lithium Polymer ion

Battery with JST Connector

4.3 Wik kirwv (113)
50+ bought in past month

3.7V Lipo Battery 1000mAh
Rechargeable Lithium ion Polymer
Battery 503450 Lithium Polymer ion

Battery with JST Connector
4.0 WK kirwv (25)



Some battery sizes

Orders of magnitude



~1Wh AAA alkaline

18650 cell ~ 10Wh

~100Wh laptop battery



18650 cell was the lithium
standard, used from laptops
to EVs. Massive production
numbers and learning curve.

18650 cell ~ 10Wh

Sony Li-lon cells 8 O

Switched step down charging

Discharge Enable 5V Reg.

......

......



18650 cell ~ 10Wh

-~

- —

New emerging standard cell sizes.

Diameter Length (with or w/out extra zero)

Rivian announced 4695 cells for
R2 and R3 2/24.



(Aside - electric vehicles aren’t new!)
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‘electric vehicles aren’t new!)

“At the beginning of the 20th century, 40 percent of American automobiles were powered by steam,
38 percent by electricity, and 22 percent by gasoline. In the face of the gasoline car’s unreliability,
noise, and vibration and the steamer’s complications and thirst, the electric offered attractive
selling points: notably, instant self-start, silent operation, and minimal maintenance. The first
automobile to exceed 100 km (60 miles) per hour was an electric (Camille Jenatzy’s La Jamais
Contente, 1899). An electric, also Jenatzy’s, had been the easy winner in 1898 of a French hill-climb
contest to assay the three forms of power.” - Britannica


https://www.britannica.com/technology/gasoline-fuel
https://www.britannica.com/dictionary/vibration
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INFORMATION &

The XPaveer Powepack 1200 system cons'sts of a battery nack thar stores elaciriclty, advanced electrorlcs

SPECIFICATION &

INFORMATION

xantrex

XPower Powerpack 1500 Backup Paower System

$487.50

™ ADD TO BASKET LOGIN FOR TRADE PRICES

xantrex

DOCUMENIS W REVIEWS v

thet corvert 12 volts 0 CC gower “rom the battery pack to nouscheld pewer, an AC gower parel that

comtalns twe standard outets, and ¢ DC sower pane thatls used o cperate 12 voli products,

FEATURES:

» Dperates 120 Vac or 12 Voo products anywhere

v Seg ed, ron-spil able 3* amp-tour AGM batiery

1000

~1kWh portable battery “generator”

A few years ago, hard to find...

Inergy

Inergy Kodiak 1100 Watt (1.1kWh) Power Bank Solar
Generator - Basic Model - Lithium lon Emergency &
Camping Electric Battery Portable Power Source
IICIrIryr ¥ 18 customer reviews | 101 answered questions

Note: This item is only available from third-party sellers (see all offers).

Available from these sellers.

« Ultra-light weight - 20 |bs.

» Expandable with deep cycle lead acid batteries

» Solar charging - minimum charge time 2.5 hours
» 1100 Watt hour lithium ion battery - 2000 cycles
« 1 year warranty

New (1) from $1,599.99 & FREE shipping.

L) Report incorrect product information.
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Google

QM -

® Uzper Montciar, Montclarn NJ (O

Show only

[0 % BuyonGoogle
O © Avallable nearby
0O ¢ onsale

O & smaller stores

Price

T »
S Mi - &M
Size

[0 AABatteries
[ 12-voit Batteries

Count

QO 1 battery
O zpack
O 4 pack
QO 5pack
O 2 pack
QO 10pack
QO 24 pack

Shipping & returns

[ Free retums
[ 1-3 day delivery

ike

] Black-owned businesses

large po

About Google S8

T000Wh battery pack - Goog

google.com/search?q...

1000Wh battery pack

Images ¢ Maps More

> Shopping
epping

Ads - See 1000Wh battery pack

PRIOL SROP l

VYX1000 - 1000Wh
Solar Generator
with 1000W AC..

Goal Zero Yeli
1000X Portable

Pawer Station..

$599.00 $1,049.96
VYX Scientific Goal Zero
Was $1,099.00 (20)

Free shipping

x  +

-3

9 Pk wp lodey

ndPRO Tools 2 x

Micro-Series S8Wh

Lidlon V-Moumt..

$549.00

BEM Photo-Video-..
(29)

EcoFlow RIVER Pro
Partable Power
Station River Pro..
$549.00

EcoFlow Officia

Free shipping

NirgaBatt Portable
Pawer Station
560Wh Lithium..
$379.99

NirgaBatt

Free shipping

Lipower Portable Power Station
1000w (11COWh) 30C000mAh

Lithium Polymer Battery Multiuse
£799.9¢ $799.00
Walmart - LIFOWER Odficial ecBay

Free delivery

Compare prices from 20+ stores

Free delive

1000wh Portable Power Station
Mobie Lithium Battery Pack

ry by Sun, Mar 20

Compare prices from 10+ stores

HomePower ONE: Backup

Battery Power Station (1000WhH)
| Emargency Power Supply ...

$799.00
Generark

Free delivery

atteries and

$495.58
Rockpals

Free delivery

Station 1000W
- Rockpals

v 3 1000Wh battery pack - Googlc X

= ) battery pack
\ }
L Tf @ \-_/' ¥128.0U oervery
Sort by- Relevance ~ Al
Bluetti EB150 1500WHA000W
HomePower ONE: E10 7 Portable Power Station, Bluetti
Backup Battery Pawer ER150
Pawer Station.. {Charg
$799.00 $399.¢
Generark Enouvt $1.099.00

Free shipping

UAT000 1000W 10000wh
Partable Power Station
Generator Energy Storage

Alexnid com

Free delivery

1000w Portable Power Station
1100wh Solar Backup Battery
Emergency

$706.19
eBay - diy_sclar
Free delivery

PRM Firration
Delivery by Fri, Mar 18

MYWUBADO Portable Power
Station Adventurer
1000,1000Wh Backup Lithium

joojet

$25.99 delvery

Aligoo AS1000 Portable Power
Station 1000wh 262V 40.8Ah
22010V PureSine Wave

44399
GloGIRD

Free delivery by Wed, Mar 30

-

y2u.yy gewvery

Large Capacity AC 22010V
Outlet 1000W Lithium Battery
Backup 5V 12V 24V Power ...

$1.480.00
Newegg.com - Viperatech

Free delivery

Bluetti EB240 Portable Power
Station (2400WHNCO0W)

$1.49%.00
Powered Portable Solar

Free delivery by Tha, Mar 17

Powikey R1000 Portable Power
Station 1000OW with Wireless
Chargers New R1000

$84569
FactoryPure

Free delivery

ra B % v © % = 0 : |@ google.com/search?ga.. @ M ¥ © ra B - v © »

Free omnvery

Test Portable Power Station
1000w

Walmart - LIFOWER Odficial

Free delivery

N

Monkemon Backup Battery
Power Station for Homes,
Emergency Power

$845.00

Walmart - pnglecioud

Free delivery

‘ )

N

:': ‘
»

s

Bluetti - EB180 1800Wh/1000W
Portable Power Station, Blue

Wild Oak Trall

Free delivery

LiitoKala 48V 50Ah Electric Bike
21700 13510° Lithium Battery
Pack for 1000W _

$488.00
AlMExpress com

Free delivery

BLUETTI 2400WHhM1CO0OW
Portable Power Station Solar

Generator EB240
a6 34

1.099.00
BluettPower Officia

Free delivery by Sun, Mar 27

Compare prices from 4 stores

Judy Power 1000W Portable

Power Station Orange
a3 6

$995.00
Judy

Free delivery

b ™

.Edm/url?url:https://wildoaktrai|.com/products/bluetii;eb150-1500wh-1OOOW;bortable-power-station..'.

022 - plenty of options




DISPLAY

12V,10A

USB-C
DISPLAY .
v

12V,10A SV,2.4A

usse

INSOUT:PD 60W

~ @
O

quick charge 3.0

PURESINE-WAVE
110V,1000W

FLRIE SINE-WRVE

110V,300W

~1000Wh
~1000W, »9
~$1008% ¢




1500 Wh
37 Ibs (16.5 kg)
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Operating Temperature

-4° t0 122°F / -20°C to 50°C
LxWxD:44"x 29" x 5.5"
(1150mm x 755mm x 155mm)

Up to 9 Powerwalls
Floor or wall mounted

Scalable
Dimensions
Weight

2644 1b/120 kg
Installation
Indoor or outdoor
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Supported Applications

7kW peak / 5kW continuous
Solar self-consumption

Time of use load shifting

Backup

Depth of Discharge

Usable Capacity
100%

13.5 kWh
Efficiency
90% round-trip
Power

Off gnd

Cost per Total warranted kWh (1 cycle per day)
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Wheelbase
N6.5

Charge Port

-

Model S Specs

Battery
100 kWh

Acceleration
2.55 0-60 mph

Range
315 miles

Drive
All-Wheel Drive

Seating
5 Adults + 2 Children

Wheels
19" or 21"

@ EXPAND LIST

() O0O(

Weight
4,941 |bs

Cargo
30 cuft

Displays
Driver Display + 17" Touchscreen

Supercharging
Free, Unlimited (with referral)

Delivery Timing
1-8 weeks

Warranty
4 years, basic vehicle
8 years, battery & powertrain

~100kWh EV




Hummer EV, Roadster, Large trucks
~150 - 200kWh

Many mass market EVs
~50 - 100kWh

Microcars
~5-20kWh

https://www.myevreview.com/comparison-chart/battery-capacity-usable-kwh



9 kg, 640km rueL ree 816 kg, 320 km

Americas Favorite Pickup

Truck Goes Electric

Edison had identified the problem with E.V.s then, and it’s still the problem
now. Gasoline has vastly more energy density than the best battery. About
twenty gallons of gasoline, which weighs a hundred and twenty pounds or so,
will convey my gas F-150 around four hundred miles: close to twice the target
range of the Lightning’s standard eighteen-hundred-pound battery.

https://www.newyorker.com/magazine/2022/01/31/americas-favorite-pickup-truck-goes-electric



https://www.newyorker.com/magazine/2022/01/31/americas-favorite-pickup-truck-goes-electric
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Claim: Aptera can gain 40 miles per day from solar charging.
Is this reasonable?

What is the approximate area of the solar panels?
Under reasonable conditions, how much energy would that capture in a day?

(Use AM1.5 and 6 equivalent sun hours)
How many miles per kWh would Aptera need to achieve?
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Claim: Aptera can gain 40 miles per ciy from solar ¢ arging.
Jeff’s calculations:



Solar constant ~1367W/m?2

~1000W/m?2

~3m
~1m
Panel efficiency ~20%
Sun hours 6
Energy captured per day
Vehicle efficiency 5m/kWh (best current)

40 miles per day?



o

Claim: Aptera can gain 40 miles per solar charging.
Jeff’s calculations:

Rough estimate let's say solar surface is about 3m long by 1 m wide, e.g. 3 square meters.
So solar input at AM1.5 (1000W/m?2) is 3000 watts.

I’ll use 6 sun hours as a good charging day, and 20% as the solar panel efficiency.

20% of 3000 watts is 600 watts. At 6 sun hours is 3600 watt hours. Or 3.6 kWh.

A Tesla gets 3-4 miles per kWh, Lucid Air 5, so that would be about 10 - 18 miles.

In order to get 40 miles per day, the Aptera would need to be 2.5-4 times more efficient.
Given the unusual shape and ultralight design this seems possible. Aptera passes the test!



Claim: Aptera can gain 40 miles per day from solar arging.
Aptera’s calculations:

After calculating my estimate | found the calculation from their chief engineer: 700W solar (my
estimate was 600). 5.7 sun hours on a good charging day gives their figure of 4000 Wh. (Mine
was 3600 Wh). Their figure of 100Wh/mile gives 40 miles (10 miles/kWh).

(See here: https://youtu.be/IrCVWgxlgoc)




“In optimal sunny locations, our solar can genera ,000 miles of driving per year, with over 1,000 miles
per month in summer.”



2026 Update: Taking pre-orders, listed on

Aptera Motors Corp. (SEV) @ Get top stock picks

2.9500 +0.1800 (+6.50%)

As of 2:36:12 PM EDT. Market Open.

9 aptel‘a Vehicle Reserve Careers In

A v e @

RESERVE YOUR APTERA 6D M &M YVID (¥ 6V Al @ Key Events

-85.24%

10.0000

4 Drive System

REVERT BACK TO LAUNCH * Final purchase price 1o be announced prior

EDITION




2014 Ford CMAX Solar Energi “Concept”
Claimed 8kWh charge per day from sun...

—— Compared to 4kWh for Aptera... hmmm...

mafi—

lia/fna/us/en/news/2014/01/02/let-the-sun



How it Works

The C-MAX Solar Energl optimizes the intake of solar power through a Fresnel lens
concentrator by autonomously moving in the direct path of the sun's rays.

S

OLAR ENERGI CONCEPT
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- Trend™ storage and Vehicle-to-Load
M . ¥
W e- spr e ( ~,, lectric vehicles potentially contributes to significant
S‘mrage capacity. v sent first big'new electricity demand-since
-4 Cenfral AC. ¢t B - v,

__

“With the extended battery, the F-150 Lightning can fully power a
home for 3-days, or up to 10-days if you use your electricity
sparingly.” - Ford
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http://css.umich.edu/sites/default/files/U.S._Grid_Energy_Storage_Factsheet_CSS15-17_e2017.pdf

CHARACTERISTIC

COMPARISON OF LITHIUM CHEMISTRIES

LFP (LiFePO,)

NMC (LiNiMnCo0,)

LCO (LiCo02)

LMO (LiMn,0,)

LTO (Li.Ti.0,,)

Voltage

Specific Energy |
Energy Density |

Charge Rate |
Charge Voltage '

Discharge Rate

Cycle Life (depending
on depth of discharge)

Thermal Runaway

Prone to Thermal

Runaway

Applications

Cost

3.2VPC (operating
range 2.5-3.65VPC)

90-120 Whikg
333 Wh|
IC
3.5-3.65VPC

1C (30C power cells);
2.0V cut-off

2000-4000
210°C (518°F)
NO

Motive power and
stationary needing

needing high currents

and endurance
S

3.6VPC (operating
range 3-4.2VPC)

150-220 Whikg
580 Whl

0.7-1C (>1C shortens life)

4.2VPC

1C (2C on some cells);

2.5V cut-off
1000-2000
210°C (410°F)

Yes

E-bikes, medical

devices, EVs, industrial

3.6VPC (operating
range 3-4.2VPC)

150-200 Wh/kg
560 Whi

0.7-1C (>1C shortens life)

4.2VPC

1C (>1C shortens life);
2.5V cut-off

500-1000
150°C (302°F)

Yes

Mobile phones, laptops,
tablets, cameras

5%

https://relionbattery.com/resource-center/technology/why-choose-lithium

3.7VPC (operating
range 3-4.2VPC)

100-150 Whikg
420 Wh/|
0.7-1C (3C Max)
4.2VPC

1C (>1C shortens life);

2.5V cut-off
300-700
250°C (482°F)

Yes

Power Tools, medical
devices, electric
powertrains

$$

24VPC (operating
range 1.8-2.85VPC)

50-80 Whikg
177 Wh/|

1C (5C Max)
2.85VPC

10C (30C 5 sec);
1.8V cut-off

3000-7000
NA

NO

UPS, electric
powertrains, solar
street lighting

$3$



https://batteryuniversity.com/

Specifications | Lead Acid | NiCd NiMH Li-ion’
Cobailt Manganese Phosphate
Specific energy 30-50 45-80 60-120 | 150-250 | 100-150 90-120
(Wihvkg)
Internal resistance Very Low Very low Low Moderate Low Very low
Cycle life (80% DoD)| 200-300 1,000° 300-500° [500-1,000f 500-1,000 |1,000-2,000
Charge time* 8-16h 1-2h 2-4h 2-4h 1-2h 1-2h
Overcharge High Moderate Low Low. No trickle charge
tolerance
Self-discharge/ 9% 20%?° 30%3 <5%
month (roomtemp) Protection circuit consumes 3%/month
Cell voltage (nominal) 2V 1.2Vv¢ 1.2Ve 3.6V7 3.7V7 3.2-3.3V
Charge cutoff 2.40 Full charge detection 4.20 typical 3.60
voltage (V/cell) Float 2.25 by voltage signature Some go to higher V
Discharge cutoff 1.75V 1.00V 2.50-3.00V 2.50V
voltage (V/cell, 1C)
Peak load current 5C8 20C 5C 2C >30C >30C
Best result 0.2C 1C 0.5C <1C <10C <10C
Charge temperature | -20 to 50°C 0 to 45°C 0 to 45°C*
(-4 to 122°F) (32 to 113°F) (32 to 113°F)
Discharge -20 to 50°C -20 to 65°C -20 to 60°C
temperature (-4 to 122°F) (-4 to 149°F) (-4 to 140°F)
Maintenance 3-6 months™| Full discharge every 90 Maintenance-free
requirement (toping chg.) [ days when in full use
Safety requirements | Thermally | Thermally stable, fuse Protection circuit mandatory
stable protection
In use since Late 1800s 1950 1990 1991 1996 1999
Toxicity Very high | Very high Low Low
Coulombic ~90% ~70% slow charge 99%
efficiency’? ~90% fast charge
Cost Low Moderate High™
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“Don’t let anybody tell you batteries are going to get
better. They can't, it’s physically impossible.”

Batteries are made of electrons on metal with
x} oxygen in between; without a way to compress
"

Disk capacity =t
CPU spead ---x---

Avallable HAM %
Wireless transfer spead @

Battery energy density - -@ -

matter and make it more dense, battery store can’t

iImprove, ever. What people can speak to is “power
density” — but on the whole, batteries are “lousy,
ousy, lousy, lousy.” We use fuels because they have
ots of energy. We could use other energy sources,

out when push comes to shove, we get a lot of
energy out of fuels, because we can put electrons in
1 tiny volumes of space.

Daniel Nocera interviewed in:
http://poptech.org/blog/

P daniel_nocera_on_personalized_energy
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http://poptech.org/blog/daniel_nocera_on_personalized_energy
http://poptech.org/blog/daniel_nocera_on_personalized_energy

