Important Factors
Energy Density +++

Constant Battery Voltage +

Fast Recharge +

High Discharge Current +
Cycle Life +++

Warranty +++

Temperature vs. Operations
Costs: CAPEX vs. Operational $




MY HOME STATION IS POWERED BY A LFP BATTERY
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* EPIC output

14.4V with full sun using the MPPT charge controller e
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® Battery is located under station desk

® EPIC charge max is 10A and passes up to 40A to load S5e0==——-
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BATTERIES

INAPORTABLE WORLD

A Handbook oa Rechargeable
Batteries for Mon-Enginpers

o

* Ca p’rur-'g' Results

oF) BALLERY Fourth Edition

® No Promises!

The Book - Battery University

%


https://batteryuniversity.com/buy-the-book

% LiCoO2 (Lithium Cobalt C

<® NMC (Lithium Nickel Manganese Cobalt Oxide or Ni-Mn-Co), 3.6 volts/cell
< LFP (Lithium Iron Phosphate or LiFePO4), 3.2 volts/cell




volt cells
® Capability and . ' high emperatures
® Very sensitive to overchar"i';g; reéu'l"ri“hg in damage

® Typical charge voltage: 14.4 — 14.8 volts

/>' Must be stored in a charged state, suggest a trickle charge



- Internal sk

- Some have low temperature




)propriate

* Disconnects
. Disconnects't'______ ‘
* MOSFETs control turn-on, turn-off and cell balancing load resistors.

e SMART BMS vs. Basic Functions:

* Control of internal heater to ensure battery is >5°C (40°F)
* Absolute battery charge cut off below freezing required

/7 e Bluetooth and/Wi-Fi




. Each has its best use in various applications. Even with vehicles one may fit better
depending on use factors.

Ci Most portable electronics, including laptops, use NMC because they can easily be mass
produced and they are internal with charge /discharge rates easily controlled.

Due to cost and longer life, LFP batteries are gaining popularity even where NMC has
previously been used.

A\ Power Density: LFP cost $90/kWh vs. NMC at $130/kWh

AL  Use of Cobalt and Nickel as used in NMC is unsustainable
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1an NMC

’rhan NMC
S¢ e ~ 5%/ month
m Electrolyte "~ m Solid polymer
m Safety M — |gh Thermal Issue m Very Safe
Primary Use: iﬁr Portability w Vehicles
j/> Feature Plus: % > Current Draw % Longer Life




Fixed, storage,
high cyclic apps
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® Smaller size ©

Prismatic

Customizable to fit availa
Higher energy density
Higher cycle life

Lower chance of fire

Less durable

Phones, laptops,
portable, etc.

N4

Pouch cells

So? Which is best? It depends on the application.
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and di  to ef iCiency loss
® |FP bq’r’rerie‘.: charged below freezing -
® AGM and LFP batteries require different types of chargers
® AGM and LFP should be stored in charged state, with LFP at about 40%

%




BATTERY DISCHARGE CURVE
DEKA VRLA (AGM) VS. LFP

VRLA Battery Voltage During Constant Current Discharge

Voltage vs. Percent Discharged 12V LiFePO4 Battery Voltage Chart
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DISCHARGES 170 D Ah Botferies]

Battery Voltage

Battery Open Circuit Voltage (Voc)
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Percent Discharged Battery Capacity

Note: Under load, an AGM battery reaches 11.8V at ~50% while the LFP hits this voltage at 12% DoD.
Just remove the load and AGM will show SOC to be about 12.25V and LFP stays at ~13V.
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match very closely, usuc e same manufacturing lot.
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AGM Charging Stages

/ absorption float

Dedicated for LiFeP04 Battery

Voltage & Current

TP T o g Pre-Charging Stage
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Fast-Charging Stage
m Constan Current Stage(CC)

absorption float

Floating Charging Stage/
Time @ Constant Voltage Stage(CV)
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charger required

Stage 1: Be charge test, ~1A, then a Constant

high current, then voltc e “at rated amount until battery =14V

Stage 2: Absorption, prese'r.c.:.u‘lrr'i. forno  ® .Stqge 2: Constant Voltage (CV) 3.65V per cell
more than 15 hours. (14.6V) until battery again = 14V

Stage 3: Float (storage), constant voltage ® Maintenance: When current <100ma charging

~13.5-13.8V (self discharge compensation) stops

Always recharge every 6 months if not float. ® Charge restarts when battery discharges to
~3.1V /cell



z A\ W Battery Charger
GEFC s ) e
AR

IMPUT:100-240V~
50-B0Hz 4A

n)ll.m.‘&l’n‘“? OUTPUT: 14,6V m20.04 2920W
@"} mww“%mmlﬁ!l DC Output Wire: Red (+ ), Black (-]
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(3.7V/cell best)

®* How a charger handles final 20% top-off i;:;/ery

Capacity (mAh)

important.

4.35V
200 300

Mumber of Cycles

® Possibly a cause of early failure of battery.

/ WARNING: Never store or hold any battery at 100% continuously, AGM or LFP!
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wer Point
y (AGM vs LFP)
.dance and voltage to

y charge and minimizes time

° ' WPPT
be used in a manner than maximi:
® Some MPPT charge controllers also utilize a DC-to-DC converter to boost the

voltage to get the last bit of energy from the sun for the batteries

%



o ‘becomes
at <3%//year.

® LFP bc AGM batteries require a

3-stage charger

® AGM battery design hqjiﬁ"lq'"’r'b -ou’rﬂ, while LFP batteries continue to see more

%

improvements.




| AGM

ower temps

4. An C 00 times through its life,

whereas a LF > batte O+ chai 'g""dischqrge cycles.

5. Some AGM batteries are gqrqned 2-3 years while LFP 5-10 years.
/ 6. Batteries start aging at manufacture with cycling and usage affecting total life!

WARNING: Never store or hold any battery at 100% continuously, AGM or lithium!




OVERCOMING THE PRIMARY LEP NEGATIVES

equipped with w

internal heaters to assure high and low
assure low temp voltage cutoffs !
operation

temps

1. Max Charge to <85% (14.6V) and Max Discharge to 20% (12V).
2. Batteries should be of the same lot and tested to assure a very close match to their resting voltage.
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/) One 80AH AGM. The LPG generator Two 100AH Pure Lead Gel

has been turned off with external generator inlet | G
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e battery generator?”

hy"é(j4 vs. Lithium lon for ham radio?

Can a power supply be used to charge a lithium
battery? It depends!
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